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OBSERVATIONS 


CONCERNING THE 


INFLEXION | 


' COLOURS MADE THEREBY. 


„ Onio has informed us, that if 
a beam of the ſun's light be let into a 
dark room through a very ſmall hole, 

the ſhadows of things in this light will be 
larger than they ought to be if the rays went 


on by the bodies in firait lines, and that x 
theſe ſhadows had three parallel fringes, _ vj 
bands or ranks of coloured light adjacent —_— N 
to them. But the hole be enlarged, the 'Y 
fringes grote broad and run into one ano- — W | ; 
ther, ſo that they cannot be diſtinguiſh- IF 
ed. Theſe broad ſhadows and fringes have 


3 been reckoned by ſome to proceed from 
the ordinary reſraction of the air, but 
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without due examination of the matter. 


For the circumſtances of the phenome- 
non, ſo far as I have obſerved them, are 


as follows : 


OBSERVATION 1. 


made in a piece of lead a ſmall hole 


with a pin, whoſe breadth was the 42d 


part of an inch. For 21 of thoſe pins 
laid together took up the breadth of 
half an inch. Through this hole I let 


into my darkened chamber a beam of 


the ſun's light, and found that the 


| ſhadows of hairs, thread, pins, ſtraws, 


and ſuch- like ſlender ſubſtances placed 
in this beam of light, were conſiderabl 


broader than they ought to be, if the rays 


of light paſſed on by theſe bodies in Tight 
lines, And particularly a hair of a 
man's head, whoſe breadth was but the 
280th part of an inch, being held in 
this light, at the diſtance of about 
twelve feet from the hole, did caſt « 
ſhadow which at the diſtance of four 
inches from the hair was the ſixtieth 

Part 


E 

part of an inch broad, that is, above 
four times broader than the hair, and 
at the diſtance of two feet from the 
hair was about the eight and twen- 
tieth part of an inch broad, that is, ten 
times broader than the hair, and at the 
diſtance of ten feet was the eighth 

part of an inch broad, that is, thirty= 
tive times broader. 


Nor is it material whether the hair be en- 
compaſſed with air, or with any other 
pellucid ſubſtance. For I wetted a 
poliſhed plate of glaſs, and laid the hair 
in the water upon the glaſs, and then 
laying another poliſhed plate of glaſs 
upon it, ſo that the water might 61} up 
the ſpace between the glaſſes, I held 
them in the aforeſaid beam of light, ſo 
that the light might paſs through them 
_ perpendicularly, and the ſhadow of the 
hair was at the ſame diſtances as big as 
before. The ſhadows of ſcratches made 
in poliſhed plates of glaſs were alſo 
much broader than they ought to be, 
agg the veins in poliſhed plates of glaſs 
1651 Bs: did 
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171 
did alſo caſt the like broad ſhadows. 


And therefore the great breadth of 


theſe ſhadows proceeds from ſome other 
cauſe than the refraction of the air. 


Let the. circle X [in Fig. I.] repreſent 


the middle of the hair; ADG, BEH, 
CFl, three rays. paſsing by one fide of 
the hair at ſeveral diſtances; KNQ, 
LOR, MPS, three other rays paſsing by 


the other fide of the hair at the like 


diſtances; D, E, F, and N, O, P, the 
places where the rays are bent in their 
paſſage by the hair; G, H, I, and Q, R, S, 
the places where the rays fall on a 
paper GQ; IS the breadth of the 
ſhadow of the hair caſt on the paper, 
and TI, VS, two rays paſsing to the 
points I and S without bending. when 
the hair is taken away. And it is ma- 
nifeſt that all the light between theſe 
two rays TI and VS is bent in paſsing 


by the hair, and turned afide from tlie 


Jhadow TS, becauſe if any part of this 
light were not bent, it would fall on 


the paper within the ſhadow, and there 


| illumi- 


[ 5] 


illuminate the paper, contrary to er- 


perience. And becauſe when the paper 


is at a great diſtance from the hair, 
the ſhadow is broad, and therefore the 
rays TI and VS are at a great diſtance 


from one another, it follows that the 
hair acts upon the rays of light at a 


good diſtance in their paſsing by it. 


But the action is ſtrongeſt on the rays 
which paſs by at leaſt diſtances, and 
grows weaker and weaker accordingly 
as the rays paſs by at diſtances greater 
and greater, as 1s repreſented in the 
ſcheme : For thence it comes to paſs, 


that the ſhadow of. the hair is much 
broader in proportion to the diſtance of 


the paper from the hair, when the 


paper is nearer the hair, than when it 


is at a great diſtance from it. 


OBSERVATION &. 


_ HaviNG paſſed a beam of ſolar light 


through a very ſmall hole about the 50th 
part of an inch wide, into a darkened 
chamber; and received it on a ſcreen of 


"BS: white 


white paper at various diſtances from the 
hole, I obſerved the condition of the 
beam of light, after its paſſage, to be in 
ſeveral particulars different from what it 
ought to have been, if the rays of light 
had paſſed by | the "Op Y the hole in firaight 


| lines. 


The beam appeared to be divergent in 
all its parts, and to be more conſiderably 
dilated in its dimenſions, than it ought to 
be by the penumbral light of the ſolar 
diſc; and by meaſuring its breadths at 
different diſtances of obſervation from the 
hole, I found it to be really fo, 


In Fig. a, let X be the hole of the 
light's paſſage, and let XA, XB, be lines 
drawn from each external oppoſite edge 
on one ſide of the {ſolar diſc, to cach ex- 
ternal oppoſite edge on the contrary ſide 
of the hole, croſsing one another, XCD, 
will repreſent the beam of light after its 

paſſage through the hole, at all diſtances 
therefrom, conſiderably larger than the 
penumbral cone EAB, 


I meas- 


171 


1 e the breadth of the beam at 


the diſtance of ſeven feet from the hole, 
and found it to be forty-eight fiftietn 


parts of an inch. The diameter of a cirele 


being. to the circumference as 1 to 3, 14, 


nearly, the length of an arch, or of the 
chord of an arch of thirty minutes, the 
mean apparent diameter of the ſolar diſc, 


to a radius of ſeven feet, will be nearly 


nde, or 38 parts of an inch. Add one- 
fiftieth, the diameter of the hole, thereto, 
and deducting 38 from $8, 42, or one-fifth 


part of an inch, will remain, being the 


augmentation in breadth of the beam pro- 


duced by ſome other cauſe than the 


penumbral __ of the ſun, 


The divergency therefore, and in- 
creaſed dimenſions of the beam, are pro- 


duced by ſome other cauſe operating at 


the edge of the hole, and are only to 
be aſcribed to the actions or attractions of 


the parts of the edge of the hole upon 
the paſsing light, by which it is bent 
outwards from the centre of the beam 
towards the edge of the hole, in the 
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18 
ſame manner that all the parts and par- 
ticles of all other bodies are known to at- 
tract one another, and are proved under 
other circumſtances to act upon light 
alſo. Theſe effects appear, however, from 
other changes of condition, which may be 
obſerved in the beam of light, more 
clearly than from the increaſed breadth 


alone, thus eltabliſhed by actual meaſure- 
ment. 


The light of this beam was very equally 
diffuſed, and almoſt uniformly denſe in 
all its internal central parts, being alſo 
tolerably well defined on its external 
parts or edges, in a manner very different 
from what it ought to have been by the 
penumbral light alone. But the appear- 
ances were ſomewhat different, with holes 
of different dimenſions, 


With a hole one- tenth of an inch wide, 
or wider, the centre of the beam was 
compoſed of the denſe direct light of the 
ſun, unchanged in its paſſage, but farther 
therefrom towards the borders of the 

beam, 


e - 
beam, this light began to decreaſe in 
denſity, and gradually decayed more and 
more in the approaches nearer and nearer 
to the borders, becoming at laſt conſider- 
ably diluted and evaneſcent, and rendering 


the e of the beam ill- defined and in- 
diſtinct. | 


With a ſmaller hole than the laſt, the 
central denſe light entirely diſappeared, 
and, with a hole yet {ſmaller than this, of 
the dimenſions of the firſt before-men- 
tioned hole, the external edges of the 
beam became more condenſed and better 
defined, and the whole beam of light be- 
came, as before deſcribed, of more uni- 
form denſity in all its parts. With a hole 
ſmaller than any of the foregoing, about 
the +3s part of an inch wide, various 
colours began to appear in the beam, the 
central parts of which became now, in 
their turn, more diluted than the reſt, 
the external parts denſer than theſe, and 
bordered with tinges of yellow and red 


light on the very _—_ or margin on the 
beam. 


All 


1 
All theſe appearances are to be aſcribed 
to the ſame attractions of the edges of the 
holes, and of the different parts of the 
edges. Theſe, when the hole is large, 
affect only the parts of the light paſsing 
neareſt to them, when the hole is re- 
duced, they attract and dilate the whole 
of the paſsing light; when the hole is yet 
more conſiderably diminiſhed, as in the 
ſirſt part of this obſervation, they act, not 
only each part upon the light paſsing near- 
eſt to cach, but each part alſo upon the 
light paſsing neareſt to each oppoſite part 
of the edge, condenſing by dimintſhing 
the attraction and diffuſion of the light 
on the edges of the beam, and rendering 
the whole more equably and uniformly 
divergent, and theſe at laſt, when the 
hole is in its moſt reduced ſtate of about 
5s part of an inch wide, by their various 
actions produce colours in the paſsing light 
in the manner and upon the principles 
hereafter to be explained. 


In the beam of ſolar light paſſed 
through the ſmall hole 2; part of an inch 
wide, I obſerved the ſhadows of very 

Q. 28 lender 
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lender bodies, pins, + needles, ſtraws, 
hairs, to be conſiderably broader, as they 
ought to be in this divergent light, than 
the bodies themſelves ; but as each of theſe 
bodies exerciſes upon the light paſsing by 


it, the ſame attractions by which the 


light is bent in paſsing through the hole, 
I concluded that a part of the light would 
be in every caſe bent, in palsing by, 
towards the body into the ſhadow, and illu- 
minate it and diminiſh its breadth. In this 


concluſion I was confirmed by the va- 


riations of dimenſions of the ſhadows 
meaſured by Newton, and by the dif- 
ferences of proportion he obſerved to 
prevail in their breadths with reſpect 
to the diſtances of obſervation from the 


hole. 


2 Fig. G. let L, and B, denote the 
_ oppoſite edges of the hole, BZxL, the 


divergent beam of light paſſed through 
the hole. Let. Ay, K x, be two rays 
of this beam which would paſs on from A 
to y, from K to z, but by the interpoſi- 


tion of the body or hair X, they are bent 


to G, and Q, at the D and N. 


5 1 3 | | J oin | 


1 
Join G, and D, Q, and N, and produce 


the lines GD, N, to Y, where they 
meet. | 


The dimenſions'G Q, of the ſhadow are 
greater than the dimenſions of the body, 


and greater than they ought io be in @ 
parallel beam, or if the rays * A a, Kx, 
La, were parallel. 


But theſe dimenſions are le/s than they 
would, or ought to be, if the rays paſſed by 
. the body X, in right lines, without being 
bent by it, for then they would be y x, 
not, as they are, GQ. 


Alſo, the proportion of de, to its diſ- 
tance an from the hole is greater than 
the proportion of G Q, to its diſtance ron 
the ſame hole. 


And theſe appearances are all thus pro- 
duced by an attractive force acting at the 
edges of the hole, and the ſides of the 


body, upon the rays of light. 


Contrary therefore to what Grimaldo 
and Newton ſuppoſed, that the ſhadows 


BY 


[ 13 J . 
of things in the beam of light uſed in 
their experiments, were larger and con- 
ſiderubl broader than they ought to be if 
the rays of light paſſed on by the bodies in 
ftraight or right lines, theſe ſhadows are 
in fact leſs large and leſs broad than they 


ought to be if the rays paſſed by the bodies in 
right lines. 


In the. Newtonian figure, Fig. 1. the 
rays AD G, BEH, CFI, and KN Q, 
LOR, MPS, are drawn and conſidered 
as parallel rays, but they ought to. be 
drawn, as they really are, divergent after 


paſsing through the hole. 


- Newton obſerves, that it is manifeſt, 
that all the light is bent in paſsing by the 
hair, and turned afide from the ſhadow, 
becauſe if any part of the light were not ſo 
bent it would fall within' the ſhadow, and 
there illuminate the paper, contrary to ex- 
perience. It is manifeſt, that the light 
bent in paſsing by the hair is turned afide 
towards the ſhadow, and that part of the 
light ſo bent does ſull within the ſhadow, 
and there actually illuminates the paper and 
reduces the dimenſions of the ſhadow. 


1 | | Newton 


E 
Newton further obſerves, that the rays 
paſsing at greater and greater diſtances 
from the hair, and being bent therefrom 
at angles of leſs and leſs inflection, invade 
and reduce the dimenſions of the ſhadow 
at greater and greater diſtances of obſerva- 
tion. This invaſion and reduction of the 
ſhadow at different diſtances, are ſup- 
poſed to render the ſhadow of the hair 
broader in proportion to the diſtance of 
obſervation from the hair when the paper 
is near, than when the paper is at a 
greater diſtance from it; but theſe irregu- 
larities of proportion are occaſioned by 
the bending of the rays neareſt to the 
hair towards the ſhadow, in lines of direc- 
tion which meet at a point beyond on the) 
other fide of the hole. Proportionate to 
their diſtances from this point are-the. 
dimenſions of the ſhadow, and greater are 
the proportions of theſe dimenſions to the 
diſtances of the ſhadow from the hair, 
when the diſtances are ſmall, than when 
they are large, for preſerving any given. 
greater diſtance and breadth, the leſs diſ- 
tance may be ſo reduced as to vaniſh, whilſt 
the 
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the breadth. of the leſs ſhadow will re- 
main. 


Theſe Conclufions are further confirmed 
by the Obſervations of Newton made at 
other times in other parts of his works. 


* 
0 7 
1 
” { 
: 
= 
1. 1 
; | 
[8 N 
| | 
« 
4 
b- * 
* 
* 


_ Radii autem in atre exiſtentes, (uti 
% dudum Grimaldus, luce per foramen 
& in tenebroſum cubiculum admilsa, in- 
venit, et ipſe quoque expertus ſum) 
in tranſitu ſuo prope corporum vel 
opacorum, vel perſpicuorum angulos, 
* (quales ſunt nummorum ex auro, 
“ argento, et wre cuſorum termini rec- 
tanguli circulares, ct cultrorum, lapi- 
dum, aut fractorum vitrorum acies) 
incurvantur circum corpora guaſe attracts 
in eadem, et ex his radiis qui in tran- 
ſitu illo propius accedunt ad corpora in- 
curvantur magis, quaſi magis attracti, 
« ut jpſe etiam diligenter obſervavi: et 
« qui tranſeunt ad majores diſtantias 
% minus incuryantur, et ad diflaniias ad- 
&© huc majores incurvantur aliquantulum 
ad partes contrarias, et tres colorum 
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[16] 
_ « faſcias efformant. „Princi. Malen in 
Scholto, fo. 207. 


&« Since metals diffolved in acids at- 
« tract but a ſmall quantity of the acid, 
« their attractive force can reach but to 
& 24 {mall diſtance from them. And as 
in Algebra, where affirmative quantities 
« yaniſh and ceaſe, there negative ones 
60 begin : ſo in mechanics, where at- 
& traction ceaſes, there a repulſive virtue 
* ought to ſucceed. And that there is 
e ſuch a virtue, ſeems to follow from the 
< reflections and inflections of the rays of 
light. For the rays are repelled by 
“ bodies in both theſe caſes without the 
immediate contact of the reflecting or 
„ inflecting body. It ſeems alſo to fol- 
« low from the emiſsion of light; the 
« ray, ſo ſoon as it is ſhaken off from a 
„ ſhining body by the vibrating motion 
of the parts of the body, and gets 
* beyond the reach' of attraction, being 
% driven away with exceeding great 
« velocity.” --- Newt. Optics, fo. 370, 371. 


Beſides 
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Beſides the ſtatement of the foregoing 
obſervation of Newton, that all the light 
neareſt to the body, * all the light between 
TI, and S, is bent from the body or 
udo, he has theſe following paſſages 


in this ſame work. 
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« But light is never known to follow 
* crooked paſſages, nor to bend into the 
« ſhadow.”'---Opticks, fo. 9897. 


The rays which paſs very near to the 
“edges of any body, are bent a little by 
“e the action of the body, as we ſhewed 
„above; but this bending is not towards; 
but from the ſhadow, and is performed 
* only in the paſſage of the ray by the 
body, and at a very ſmall diſtance from 

te it.. -Netot. Opt. fo. 337, 338. 
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All theſe obſervations, however, three 
of which affirm a repulſive force exclu- 
ſively to exiſt, and to be exerciſed upon 

light by bodies, in the parts and at the 
diſtances neareſt to the bodies, whilſt two 

affirm the exiſtence of an attractive force 
RF in 
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in theſe ſame points of place, changed 
at other and greater diſtances into a. re- 


pulſive force, are obviouſly inconſiſtent, 


and might fairly be ſet againſt, and de- 
ſtroy each other. 


But of the principles now applied to 
the explanation of the phænomeèna of this 
obſervation, the obvious truth, ſimpli- 
city, and conformity to the general prin- 
ciples, order, and nature of things, are 


ſufficient to eſtabliſh their exiſtence be- 
yond all power of queſtion or change, an 


exiſtence confirmed by the general con- 
ſent of all the phænomena, as will here- 
after moſt 28 appear. 


One b circumſtance however 
remains to be mentioned, which will 
hereafter be more particularly ſtated and 


explained. Of a hair, in the circum- 


ſtances of the Newtonian experiment, 
there is, ſtrictly ſpeaking, no ſhadow 


_ obſervable, and the dark interval obſerved 
between the paſsing light on both ſides 


of the hair is PORE not a ſhadow 
formed, 
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formed by the interception of the light. 
So- little have h enen been 
ne 98 


THE 8 of: all bodice ad ſtones, 
glaſs, wood, horn, ice, &c.) in this 
light were bordered with three parallel 
\ fringes or bands of coloured light, 
whereof that which was contiguous to 
the ſhadow was broadeſt and moſt 
luminous, and: that which was remoteſt 
- from it was narroweſt, and ſo faint, as 
not (eaſily to be viſible, It was diffi- 
cult to diſtinguiſh the colours, unleſs 
when the light fell very obliquely upon 
a ſmooth paper, or ſome other ſmooth 
white body, ſo as to make them ap- 
pear much broader than they would 


_ + otherwiſe do. And then the colours 


were plainly viſible in this order: The 
firſt or innermoſt fringe was violet and 
© EP. blue next the ſhadow, and then 
0 TT light 
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light blue, green, and yellow in the 
middle, and red without. The ſecond 
fringe was almoſt contiguous to the 


firſt, and the third to the ſecond, and 


both were blue within, and yellow and 


red without, but their colours were 
very faint, eſpecially thoſe of the third. 


The colours therefore proceeded in this 
order from the ſhadow; violet, indigo, 
pale blue, green, yellow, red; blue, 


yellow, red; pale blue, pale yellow and 
red. The ſhadows made by ſcratches 
and bubbles in poliſhed plates of glaſs 


were bordered with the like fringes of 


coloured light. And if plates of look- 


ing-glaſs floped off near the edges 
with a diamond-cut, be held in the 
ſame beam of light, the light which 
paſſes through the parallel planes of 
the glaſs will be bordered with the 


like fringes of colours where thoſe 
planes meet with the diamond- cut, 
and by this means there will ſometimes 
appear four or ſive fringes of colours. 
Let AB, CD fin Fig. 2.] repreſent 
the parallel planes of a looking-glaſs, 

: and 


211 
and BD the plane of the diamond- cut, 
making at B a very obtuſe angle with 
the plane A B. And let all tlie light be- 
tween the rays ENI and FBM paſs 
directly through the parallel planes of 
the glaſs, and fall upon the paper be- 
tween I and M, and all the light be- 
tween the rays GO and HD be re- 
fracted by the oblique plane of the 
diamond-cut BD, and fall upon the 
paper between K and L; and the light 
which paſſes directly through the paral- 
lel planes of the glaſs, and falls upon 
the paper between I and M, will be 


bordered with three or more fringes 
at M. 


80 by looking on the ſur through a 
feather or black riband held cloſe to 
the eye, ſeveral rain-bows will appear ; 
the ſhadows which the fibres or threads 
caſt on the tunica retina, being bordered 
with the like fringes of colours. 


'OBSERVA- 
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OBSERVATION III. 


WHEN the hair was twelve feet diſtant 
from this hole, and its ſhadow fell ob- 
liquely upon a flat white ſcale of inches 
and parts. of an inch placed half a foot 
beyond it, and alſo when 'the ſhadow 
fell perpendicularly upon the fame, 
ſcale placed nine feet beyond it; I 
_ meaſured the breadth of the ſhadow 
and fringes as accurately as I could, 


and found them in parts of an inch as 
follaws. b 4 


The 


** 


The breaclth of 0 ſhadow 


| nermoſt fringes on either fide 
the ſhadow 


The breadth between the midd!es| 
of the brighteſt light of the in 


The brad between the middles 
of the bri zhteſt light of the 


middleme t fringes | on either 
ſide i! | {ha low 


[The arcadth between the 8 


outmoſt fringes on either tide 


the {ſhadow . 


of the brighteſt light of the] 


The diſtance between the middles 
of the brighteſt light of the firſt 


and ſecond fringes 


of the brighteſt light of the 
ſecond and third fringes 


The diſtance 8 the edle 


The breadth of the wh canons part 
(green, white, yellow, and 8 


of the firſt fringe 


The breadth of the darker ſpace 


fringes 


between the firſt and iN 


I 
14 


The breadth of the luminous part 
of the ſecond fringe 


{The breadth of the darker {pace 


fringes 


between the ſecond and 0 


„** 


3 
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Theſe meaſures I took by letting the 
ſhadow of the hair, at half a foot diſ- 
tance, fall /o obliquely on the ſcale, as 
to appear twelve times broader than 
when it fell perpendicularly on it at 
the ſame diſtance, and ſetting down 
in this table the twelfth part of the 
| meaſures I then took, a 


OBSERVATION g. 


AcRoss a beam of ſolar light admitted 
into a dark chamber through a ſmall hole 


ina thin piece of lead nearly of an inch 


wade, I interpoſed a hair of a man's head, 
and receiving the beam on a ſcreen or 
ſheet of white paper at a diſtance, and 


with an obliquity convenient for the pur- 


pole, I noted the following appearances. 


At the termination of what may be 
conſidered as, and therefore may be 
called, a ſhadow, whoſe intenſity or 
darkneſs was not conſiderable, the fol- 
lowing orders and diſtinctions of colours 
appeared. Firſt and neareſt to the dark 

| or 


2 


19] 

or black parts of the ſhadow might be 

ſeen a diluted blue, changing into a 

breadth of white light, followed by 

4 breadihs of yellow and red. To theſe 

ſucceeded an interval. of diluted ſhade, 

then breadths of diluted violet, blue, 

diluted green, yellow, red, then green, 

diluted yellow, red; diluted green, red; 

white, diluted red; and finally white 

light. Theſe are the more general orders 

of the colours, and the colours them- 

ſelves, although a various eye may intro- 

duce various. diſtinctions and various 

names, and extend them to innumerable 
varieties, and they are obſerved, taken, = 

and ſelected under an arrangement formed 

for their peculiar exhibition. Of theſe 

orders, the three firſt were ſufficiently 

obvious and diſtinct; the laſt, evaneſcent 

and requiring accommodation of circum- 

ſtances to produce, and attention to per- 

ceive them. 
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Of theſe fringes and colours, the fol- 
lowing tables will exhibit the order, 
ſucceſsion, and arrangement, according 
to the Newtonian obſervations and the 


preſent. 


THE NEWTONIAN 


FRINGES & COLOURS, 


[ 


THE OBSERVED 


FRINGES & COLOURS. 


Shadow Black 

Violet Greyith black 
Indigo Greyiſh blue 
Pale blue White 

Green Yellow 

Yellow Red 

Red Dark interval 
Blue Diluted violet 
Yellow Mue 
Red Diluted green 
Pale blue Yellow | 
Pale yellow Red 

A Green 


Diluted yellow 

Red 

Diluted green 

Red 

White | 

Diluted Red - 

White light 
35 |: 


1 


In adjuſting the foregoing experiment, 
and ſtating therefrom the orders and fuc- 
ceſsions of colours, I have been guided 
and aſsiſted by comparing them with the 
fringes obſerved between the edges of two 
bodies, and . hereafter to be deſcribed, 
which are produced and made in the 
ſame manner, and upon the ſame prin- 
ciples, as theſe, but in denſer light. I have 
had in view the analogies and connections 
that exiſt, and to which I would lead be- 
tween theſe and the orders of colours that 
are obſerved under other circumſtances. 
1 have alſo accommodated by taking the 
point of obſervation moſt favourable to 
the purpoſe, and I have prepared a 
general ſtatement, which will generally 
apply to the moſt general appearan&es of 
theſe ſame orders of colours produced 
upon the ſame principles in different cir- 
cumſtances, at or between the edges or 
angles ,of two knives, or any other ad- 
Joining bodies, between plates of glaſs, by 
thin plates of tranſparent ſubſtances, in 
the paſſage of. light from luminous ob- 
jects or by reflection through the pores 
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28 
of continuous pellucid bodies, or amidſt 
and by the ſides of mixed diſcontinuous 
bodies, as will be hereafter ſhown. With 
this view alſo, I have extended the ſtate- 
ment to orders more numerous than can 
generally be obſcrved in this caſe, and 


which, only with the utmoſt exertion of 


ſenſe, guided by analogy and accommo- * 


dating circumſtances to its object, can be 


diſtinguiſhed. 


Indeed there is great room and neceſ- 
ſity for this arrangement, becauſe every 
change of diſtance, and of obliquity of 
the plane of reception, exhibits varying 
appearances. For the above reaſons, there- 
fore, I have thrown the violet and green 
out of my firſt order, and this 1s juſtified 


by the obſervations of Newton elſewhere. 


He has, on other occaſions, omitted the 
green in his firſt order, although he has 
retained it here; and he has here alſo 
retained the violet, although the violet 
does not elſewhere appear among his 
colours of the firſt order. In general, 


the diſtance or obliquity neceſſary to de- 


velope 


[29] 


relope that green, diſperſes almoſt the 
violet and the blue, and this conſiderable 
obliquity, he expreſsly ſtates, he adapted 


to render the fringes broader. It did 
more, it changed their colours. I have 
not only excluded green from my firſt 
order of colours; I have alfo introduced 


the white. Although, in his ſecond ob- 


ſervation, Newton makes no mention of 


a white, yet in the meaſurements of 
his third obſervation he has introduced 
it as a part of the firſt fringe as well 
as the green. The green is not always 
developed and apparent in the firſt 
fringe when the white is exhibited, 


and when the white only is apparent, a 


change of the diſtance of obſervation, or 
the variation of the obliquity of the plane 
of reception of the beam, ſhall ſometimes 
throw out the white and diſcover the 
green. For the purpoſes alſo of preſerv- 
ing the general analogies and the New- 
tonian obſervations above referred to, I 
have further- retained the diluted blue 
from the ending of the blackneſs of the 


thadow, and have by ſo doing obtained 


the white, and an arrangement which 
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i 
is abſolutely neceſſ y for explaining the 
phœnomena da a cen The 
ſucceeding colours and orders are conſe- 
quent upon the diſpoſition of apparatus 


neceſſary ſo to produce theſe appear- 
anccs, 2 5 


WHEN the ſhadow and fringes were caſt 
_ obliquely upon a ſmooth white body, 
and that body was removed farther 
and farther from the hair, the firſt 
* fringe began to appear and look 
brighter than the reſt of the light at 
the diſtance of leſs than a quarter of an 
inch from the hair, and the dark line 
or ſhadow between that and the ſecond 
tringe began to appear at a leſs diſtance 
from the hair than that of the third 
part of an inch. The ſecond fringe 
began to appear at a diſtance from the 
hair of leſs than half an inch, and the 
ſhadow between that and the third 
fringe at a diſtance leſs than an inch, 
X and 


[31] 
and the third fringe at a diſtance leſs 
than three inches. At greater diſtances 
they became much more ſenſible, but 
kept very nearly the fame proportion 
of their breadths and intervals which 
they had at their firſt appearing. For 
the diſtance between the middle of 
the firſt, and middle of the ſecond 
fringe, was to the diſtance between the 
middle of the ſecond and middle of the 
third fringe, as three to two, or ten to 
ſeven. And the laſt of theſe two diſ- 
tances was equal to the breadth of the 

bright light or luminous part of the 

firſt fringe. And this breadth was to 
the breadth of the bright light of the 
ſecond fringe as ſeven to four, and to 
the dark interval of the firſt and ſecond 


ftringe as three to two, and to the like 
dark interval between the ſecond and 


third as two to one. For the breadths 
of the fringes ſeemed to be in the pro- 
greſsion of the numbers 1, yz, V, and 
their intervals to be in the ſame pro- 
greſsion with them; that is, the fringes 
and their intervals together, to be in 
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[$2] 
the continual progreſsion of the num- 
bers 1, v/z, Y, V, Y, or thereabouts. 
And theſe proportions held the ſame 
very nearly at all diſtances from the 
hair; the dark intervals of the fringes 
being as broad in proportion to the 
| breadth of the fringes at their firſt ap- 
pearance as afterwards at great dif- 


tances from the hair, though not ſo 
dark and diſtinct. 


OBSERVATION y. 


Wx the diſtance of obſervation from 
the hair under the circumſtances of the 
experiment in Obfervation B, was very 
ſmall, and before the firſt bright ſtreak of 
light began to appear, the ſhadow of the 
hair was diſtinct and well-defined, and of 
intenſe blackneſs. At a greater diſtance, 
this ſhadow appeared to be divided by 
a parallel line of light throughout its 
whole length, into two parts, and re- 
fembled a double thadow, or the ſhadows 
of two hairs, but was by no means of the 


ſame degree of blackneſs as was the 


ſingle. 


1 38 ] 


ſingle ſhadow. obſerved cloſe: to the hair. 

At ſtill greater diſtances, it increaſed in 
breadth and, diminiſhed in - blackneſs, 
whilſt the tranſyerſe dimenſions of the di- 
viding line of light increaſed at the ſame 
time, until, at a conſiderable diſtance from 
the hair, this intermediate band or line of 
light began to put on the appearance of 
colours on its edges, and to aſſume, on 
both ſides externally, caſts of yellowiſh 


and reddiſh light. By further increaſe of | 


diſtance, this apparent ſhadow, theſe dark 
intervals became more diluted, and of 
nearly the ſame colour throughout, the 
line of light more and more diffuſed, and 
was at laſt extinguiſhed by the extreme 
_ diffuſion and ultimate inviſibility of the 
light that produced it. 


Whit at all theſe d ts 


theſe changes proceed in the ſhadow, and 
in the light neareſt to the body, in the 


other adjoining parts of the light paſsing 
next in order of diſtance by the hair, con- 
ſiderable changes alſo are produced. 
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Cloſe to the body, the ſhadow / of the | 
hair, and the whole of the paſsing light | 
| apparently unchanged; may be obſerved. _ 
TRUE Further therefrom, that part of the light 
E wich conſtitutes the firſt fringe, begins 
to put on a conſiderable brightneſs, and to 

be ſeparated from the reſt of the light by 

a dark line of ſhade. Further, and fur- 

ther ſtill from the Hair, the ſecond and 

third fringes begin alſo to appear, to- 
| gether with the firſt; in the form of white 
nt. ſtreaks of light, ſeparated by dark inter- \ 
| | vals. At greater diſtances, theſe breadths 
| of white light begin to exhibit colours at 
their edges, and at diſtances yet greater 
chan theſe, or by conſiderable obliquities 
of reception, they are ' decompoſed and 
diſtributed into the three firſt fringes of 
the preceding obſervation 8. 


* 
- © # 


2 


Adjacent to theſe three, in a ſtate of 
great dilution, approaching to evaneſ- 
cence, are the ſubſcquent fringes of tlie 
fame Obſervation, 'and adjacent to theſe 
laſt fringes to ſome diftance from them 
pe neareſt light is divided into alternate 

b ö ſtreaks 


1 551 


| ſtreaks of white, light, and ſhade, or lo 
minous and dark intervals, which at the 
firſt and neareſt diſtances being under the 
circumſtances of this obſervation too ſmall 
and too little ſeparated for perception, 
and afterwards running into one another 
and mixing their colours, put on the ap- 
pearance of white light, and can no 
longer be diſtinguiſhed therefrom, up to 
the point where, by increaſed diſtance, 
the action of the hair ceaſes altogether 
on the palin 1 855 


The thadow that firſt 1 cloſe to 
the hair is perfectly and truly a ſhadow, 
being produced by the interception of 
1 paſsing light by the hair. 


This 52 555 e quickly ceaſes 
to appear, the rays of light neareſt to it 
on both ſides of the hair being bent into 
it at conſiderable angles of inflection and 
diſperſion, and croſsing, illuminating and 
extinguiſhing it. In parts where they at 
| firſt croſs and are united, the double 
fhadow and middle line of light 1 

22 the 
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the line of light being compoſed of this 


croſsing light, and the double ſhadow 
being formed by the two next dark inter- 
vals between this light 'and the light of 
the firſt fringes on each ſide. This 
double ſhadow therefore is not truly a 
ſhadow, nor the ſhadow of the hair, 
ſhadows being formed by the interception 
of light by a body, this only by the ep 
ration and remove of the light. 


Further on, the line af light 0" 
diſperſed and inviſible, and the two dark 
intervals uniting, form the appearance of 
a ſingle ſhadow, which yet, for the above 
reaſons, they are not.” This appearance, 
however, has been repeatedly and con- 
ſtantly miſtaken for and meaſured as the 


ſhadow; and it is this which is the object 


ot all the prevemag Newtoman obſerva- 


tions. 


Obſerved cloſe to the hair, the paſsing | 
light appears unchanged, becauſe the 


fringes and their dark intervals are not 
ſufficiently ſeparated to be ſeen diſtinct 


and 


and apart. Further on, they appear with 


their dark intervals in the form of white 
and dark ſtreaks, their colours being not 
there ſufficiently diſperſed to be diſtin- 
guiſhed; but at greater diſtances colours 
begin to appear on the edges of, to invade 
and change the white into coloured ſtreaks 
of internal violets and blues, and external 
reds. At diſtances ſtill greater, as the 
general bendings of the fringes, and diſ- 
perſions of the rays vary, the nearer or in- 

ternal colours of the further fringes mix 
with the further or external colours of the 


nearer fringes, reduce the number of 


colours in each fringe to three, and to 
two, and finally, by l all * 


I in nbſolnte whiteneſs, 61.480) 17 bas 
Fi 
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bibition, let X in Fig. 1, denote the hair, 
Aeg, V. Z, the. neareſt portions of 
light inflected into the ſhadow, Cy9sED, 
FF H, I. K, the portions of light bent 
in paſsing into the three firſt or principal 
fringes, Kk h, will repreſent the true ſhadow 
of the hair taken cloſe thereto, At this 

D 3 diſtance, 
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diſtance; no part of the light is ſufficiently 


ſeparated for obſervation. At a, is formed 
p q, the appearance of the double ſhadow 


compoſed of the middle light nm, and 
the two dark intervals pn, mq, and at 


about or near b, it changes upon the ex- 


tinguiſhment of the diſperſed middle 


light the ſemblance of a double i into ae 
of a mw ſhadow. : 


At different diſtances dead the 3 as 
the intervals and breadths of the fringes 


Increaſe according to the repreſentations 
of the Figure, they become viſible and 
diſtinguiſhed from one another, particu- 


larly the two firſt fringes on each ſide; 
and for the ſame reaſons; as the coloured 
portions of each fringe increaſe in breadth 
and are ſeparated from the reſt, they will 
at firſt appear on the edges, and after- 
wards, by further diſtribution, all over me 

fringes. | 


More light being bent into each frin ge 
as it is nearer to the hair, and the light ſo 
bent being infected into greater angles 

| 5 | " ot 


(] 


of general deviation, and particular diſ- 


perſion of the rays, the nearer fringes and 
| their dark intervals will be broader than 
the, more remote. Each ſeyeral ray, as 
Ce; Dd, Ee, will. be. diſperſed into gays of 
diſſorent colours, the violet and the blue 


moſt inflected, as Cy, Cf; the red leaſt, as 


Dg, Ee. and therefore the reds. will, be 
without, the violets and blues within. At 
greater diſtances of paſſage by the hair, 
the fringes, as Lap M, Nv eQ, will be leſs: 
bent and leſs diſperſed ;. but. theſe bend-, 
ings and diſperſions; changing variouſly; 
among themſelves, the internal colours, 
violet, and blue, as I., of the third fringe 
mix with the external reds of the ſecond; 
as Hd, and leave only three colours, green, 
yellow, and red, to the third fringe; in 


the ſame manner the colours of the fourth 


fringe, are reduced to two, half the fifth 
fringe is made up of. whitiſh light by the 
mixture of colours of all forts therein, and 
preferves only a, ruddy caſt in the other 
half by the prevalence of the denſer red 


light, and all further fringes are extin- 


Sails by the mixtures of their light, or 
| D id _ +; only 
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ceaſe to be ae en action 2 wa 
hair. . | 

The breadths of the eigen and 1 welt 
dark intervals being according to the 
Newtonian meaſurement in the continual 
progreſsion 1, V, V4, V vv, &i the 
ſquares of their breadths are in the con- 
tinual progreſsion 1, 1 5 1. Kc. and may 
be compared i in theſe particulars with the 
breadths of the diametets of the coloured 
rings elſew here obſerved by Newton. It 
is extremely probable that Newton had 
thoſe meaſures and rings of colours in 
view in taking and obſerving theſe. 
Suſpicions of analogies between them, 
ſurely muſt have ariſen in his mind. It is 
much thereſore to be wondered at, that 


he did not ſucceed [as it may fairly be 


ſuppoſed he made the attempt] in tracing 
and diſcovering them, 'and of courſe go on 
to correct and to change his before-con- 
ceived principles for explaining the phæ- 
nomena of light. Thoſe very principles 
were indeed ppotes to theſe diſcoveries, 
and they repelled his efforts and 

reſiſted 
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refiſted his ſucceſs.” *' Thefe'-proportions,' 


| howevery'ſo''far-from: obtaining gen erally! 
in the breadths of theſe/ fringes and their 
intervals, can only be formed under par- 
Ucular circumſtances, if at all, in any. 
Indeed theſe breadths vary in their pro- 
portions to each other and among them. 
folves through all degrees of their poſsible 
extenſion. The dark intervals are totally 
extinguiſſied, and diſappear in the ſtreams 
or inflected light of the following Obſerva- 
tion V. By a ſmall change of circum- 
ſtances, the diminution of the hole of the 
window, and the conſequently. increaſed 
divergency of the light, the fringes begin 
to appear in ſlender lines of light, with 
their dark intervals of ncarly equal 
breadths with the fringes. By other 
change of circumſtances, the further re- 
duction of the hole and increaſed diver- 
gency of the light; by removal of the 
place of obſervation to greater diſtance 
from the hole, or change of obliquity of 
the plane of the light's reception, tbe 
neareſt fringes to the edge of the body 
become ſpread into, and occupy and ex- 
97s tinguiſh 
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By further ſimilar changes, and under the 
circumſtances of; the: ſucceeding Obſetva · 
tion VI. the fringes, in their ſtate of ex- 


treme dirarication and tenuity of light, 
are diſperſed to conſiderable diſtances 


from each other, leaving their intervening 
dark intervals of breadths exceeding their 
own by all the degrees of poſsible relative 
extenſion. The above proportions of theſe 
different breadths therefore, ſo far from 


being permanent, and conſtant, and. fixed, 


and given, vary through all the meaſures 
of change, the dark intervals ceaſing at 
one time entirely to exiſt, appearing and 
increaſing their abſolute and relative 
breadths, up to the very laſt ſtate of exiſt- 
ence, and the evaneſcence of the fringes 
upon whoſe exiſtence their own depends. 


| The breadths of theſe fringes depend 
altogether upon circumſtances. Their 


meaſures indeed, and diſtinctions, require 


too much nicety and ſteadineſs of per- 
ception. to be obſerved and taken with 
preciſion. Although therefore, in the 

1 


[49] 
Newtonian experiment, they may have 


poſſeſſed and preſerved the proportions 
aſsigned them, yet, under other circum- 


ſtances, / they vary indefinitely. Theſe 


proportionate breadths are, not therefore 
to be conſidered as permanent and un- 
changeable properties or qualities, as 
Newton would infer of theſe fringes, and 
has endeavoured to eſtabliſn of other 
fringes and orders of ee _—_ rnd 
dark intervals. | 


© OBSERVATION x 


THE. 3 Wiang int my Abbe Po 
ber through a hole a quarter of an inch 
broad, I placed at the diſtance of two 
or three feet from the hole a theet of 
paſteboard, which was blacked all over 
on both ſides, and in the middle of it 
had a hole about three quarters of an 
inch ſquare for the light to paſs 


through. And behind the hole 1 


faſtened to the paſteboard with pitch 
| the 


27 D 2 r 
. PL ages ont” EI. yr 
— * ORE mu 2 —— TT - 


- 
a. 


» 


e 
N 


' 
 - 
'V 


7 44 1 


tbe blade of a ſharp knife, to intercept 
ſome part of the light which paſſed 
--through the hole. The planes of the 
paſteboard and blade/of the knife were 
parallel to one another, and perpen- 
dicular to the rays. And when they 
were ſo placed that none of the ſun's 
liglit ell on the paſtebourd, but all of it 
paſſed through the hole to the knife, 
and there part of it fell upon the blade 
of the knife, and part of it paſſed by 


its edge ; I let this part of the light 
which paſſed by, fall on a white paper 
two or three feet beyond the knife, 
and there ſaw wo ſtreams of faint light 


ſhoot out both ways from the beam of 
light into the ſhadow, like the tails of 
comets, But becauſe the ſun's direct 
light by its brightneſs upon the paper 
+. obſcured theſe faint ſtreams, ſo that I 


could ſcarce ſee them, I made a little 


hole in the midſt of the paper for that 


light to paſs through and fall on a 


black cloth behind it; and then I ſaw 


the two ſtreams plainly. They were 


like one another, and pretty nearly 


1 

: equal in length, and breadth, and 
quantity of light. Their light at that 
end next the ſun's direct light was 
pretty ſtrong for the ſpace ef about a 
quarter of an inch, or half an inch, 
and in alli its progreſs from that direct 
light decreaſed gradually till it became 
inſenſible. The whole length of either 
of theſe ſtreams meaſured upon the 
paper at the diſtance of three feet from 
the knife was about ſix or eight inches; 
ſo that it ſubtended an angle at the 
edge of the knife of about 10 or 12, 
or at moſt 14 degrees. Net ſometimes 

I thought I ſaw it ſhoot three or four 
degrees farther, ' but with a light ſo: 
very faint that T could ſcarce perceive 
it, and ſuſpected it might {im ſome men- 
ſure at leaſt) ariſe from ſome other cauſe 
than the two ſtreams did. For placing 
my eye in that light beyond the end 
of that ſtream which was behind the 
knife, and looking towards the knife, 
I could fee à line of light upon its edge, 
and that not only when my eye was 
in the line of the ſtreams, but alſo 
AL > when 
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when it was without that line either 
towards the point of the knife, or 
towards the handle. This line of light 
appeared contiguous to thie edge f tlie 
Aniſe, and was narrower than the light 
'> of the innermoſt Fringe, and narroweſt 
when my eye was fartheſt from the 
direct light, and therefore ſeemed to 
+ paſs between the light of that fringe and 
the edge of the knife, and that which 
.- paſſed neareſt the edge to be moſt bent, 
nen not all of it. 


OBSERVATION J. 


THE; circumſtances of the preceding | 
obſervations conſtitute one particular caſe 
only of the inflexions of light, of which 
particular caſe indeed all the. peculiari- 
ties are not there noticed, although they 
will be ſtated hereafter. The principles 
upon which they all depend, and by 
which theſe and all other fringes with 
their dark intervals are profiuend: and 
regulated, are theſe, 
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The white rays of light are bent in 
paſsing by the ſide, edge, or angle of 
any thin plate or body, into lines of 
direction deviating from A r e 
ut e 1 ge e 
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- The: rays 50 light are not 4 only fo dent. 
they are alſo diſtributed or divided into 
different rays of different colours, in 
angles of diſperſion greater as the diſ- 
tances are leſs, and leſs as the diſtances 
are greater, in ſuch a manner, that of 
different colours at the ſame diſtance, the 
purples, blues, greens, yellows, and reds, 

are bent towards the body, the purples 
moſt, each of the others in due ſucceſ- 
ſton leſs, and the reds leaſt, according 
to the order of their ſtatement, and of 
colours of the ſame ſorts at different diſ- 
tances, the nearer more than the more 
remote, and the more” remote leſs than 
the nearer. So various however are 
the bendings' of different colours at dif- 
ferent diſtances, that in certain diſtinct 
portions of light, and at different diſtances 
of ons © the more remote and the 

| nearer 
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nearer rays of different colours contained 


within each of theſe portions or diviſions 


of the light, become variouſly inter- 


mingled with each other, and by their 
various intermixtures form each of theſe 


diviſions into particoloured fringes, whilſt | 
the rays of different diviſions, never mix- 
ing with thoſe, of other diviſions, the in- 
tervals of the diviſions are preſerved and 


become the dark intervals, which ſeparate 
the fringes. 


Wherever the divergency of a beam of 
light is ſuch, that by inflection a nearer 
red is leſs bent than all the other equi- 
diſtant or nearer adjoining coloured rays, 
and more bent than all the other more 
remote but adjacent rays, and alſo a 
further purple is more bent than all the 


other equidiſtant or more remote coloured 


rays, and leſs bent than all the other 
nearer adjoining rays; there a. dark in- 
terval will be produced, on the fide of 
which, neareſt to the body, the reds will 
appear; and on the ſide moſt remote, 
the purples and blues; and wherever two 

Or 
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or more ſuch intervals are produced, 
they include between them a fringe or 
fringes. of various breadths and colours, 
depending upon the relations between the 
diſperſions and bendings of the rays by the 
inflecting body and the original divergency 
of the beam, the purples and blues neareſt, 
the reds furtheſt from the body. 


Let X in figure à repreſent the angle 
or edge of any thin plate or body, let 
aA, bB, cC, dD, eE, repreſent paral-. 
lel rays of a beam of white light bent and 
diſperſed variouſly, more at leſs, and leſs 
at greater diſtances, and let Ee, E 1, 
E 2, Ds, Ds, D 4, and ſo on, repre- 
ſent theſe rays thus bent and diſperſed ; 
the rays thus bent and diſperſed will croſs 


and meet, and interfere and mingle with 


one another, and produce thereby only 
a white light. Now, as in figure e, 
tet the direction of the rays a A, bB, cC, 
d D, e E, be ſo changed, and become ſo 
divergent, that the purple BY of the ray 
b B ſhall be leſs bent towards the edge X, 
than the red Aa, of the adjoining ray 
a A, and more bent than all other equi- 

diſtant 


1 $0] 
diſtant or more remote rays, B8, B , 
C6, C5, Cy, and ſo on, and alſo that the 
red ray A of the ray a A, ſhall be more 
bent towards X than the purple ray BY, 
and all other more remote rays, and leſs 
than all otherequidiſtant or nearer rays, and 
no light can fall between thoſe two rays BY, 
and Aa, and therefore a dark interval 
ABYe, will there be produced. Again, 
- whilſt the bendings and diſperſions of the 
rays varioufly change further on, let the 
purple ray E, and the red Da, be bent 
towards X, in the ſame various manner 
relatively to each other, and to all other 
rays, as the rays BY, and A«, and ano- 
ther dark interval DE d, will there be 
produced, and between theſe two dark 
intervals the fringe BC Dy will be 
exhibited with the purples and blues on 
the ſide neareſt, the reds on the ſide 
furtheſt woe. he nn. „ 


Upon the „ * 3 
therefore which theſe bendings and diſ- 
perſions of the rays, and the divergency 
of the beam of light bear to each other, de- 
pend all the phænomena of the fringes. 


All 
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All theſe inflections may be reduced to 
the four following caſes, which compre- 
hend almoſt all the diverſities of appear- 
ance which different changes and condi - 


tions of things may produce at or by one 


ſide or edge of any ſingle thin plate of 
body of confiderable breadth. ' By the 
ſides of different thin plates which ap- 


proach ſo near to one another from con- 


trary parts, as that each variouſly at the 
ſame time attracts and acts upon all the 
various intervening portions of light vari- 
oufly ſituated with reſpect to each, or by 
the ſides or edges of a thin plate or ſlender 


body of very ſmall breadth, the appear- 


ances are various. They ate, however, 


and can be only underſtood and explained 


e avg s 


In one EM and under certain eir- 
Ea e the fringes are more numer- 


ous, their breadths leſs, the intervals of 


greater proportionate breadths, and the 
fringes and intervals diſtinguithable at 
greater diſtances of paſſage of the rays. 
Both the fringes and intervals alſo pre- 
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ſer ve their exiſtence to greater diſtances 
of obſervation, and the colours of the 
fringes being ſeverally of leſs relative diſ- 
perſion, conſtitute by their general mix- 
tures breadths of white light, or ſhow 
themſelves ſlowly at the borders of the 
fringes, and only at conſiderable diſtances 
of obſervation exhibit their various hues. 
This ſtate of the rays, the fringes, and 
wa ER is exhibited in Fig. 5 


Another ſtate of ths fringes is de- 
5 kent 3 in fig. y; in which, after the 
exhibition of three or four of the | firſt 
| fringes, with one or two of the interven- 
ing dark intervals diſtinctly formed, the 
other intervals are deſtroyed by the run- 
ing together of the fringes, whoſe: colours 
variouſly mixing after the recurrence of 
only one or two more orders or ſucceſ- 
ſions, end in perfect whiteneſs. This is 
the moſt ordinary ſtate of obſervation, 
and diſplays the moſt beautiful and vivid 
arrangement and mixture of colours. The 
colours thus exhibited, being produced by 
an accommodation and arrangement of 


cir- 


[583] 


circumſtances neceſſary for the * occa- 


ſion, and named according to the prin. | 


ciples, and with the views ' ſtated ' 

Obſervation G, may be ſtated to be theſe 
The part of the light bent into the 
ſhadow of the body, becomes more and 
more expanded and diluted in its pro- 
greſs internally towards the ſhadow, until, 
in conſequence of its dilution, it ceaſes 
to be viſible. From the place where it 
may firſt be perceived, in all its progreſs 
outwards from the ſhadow, its denſity is 


gradually increaſed, and its colour from 


black, diluted black, and bluiſh grey 
changed into a diluted white, until hay- 
ing arrived at a point of conſiderable in- 
tenſity of white light, it goes on to be 


changed into a yellow, ſucceeded by a 


red, terminating gradually in blackneſs: 
Then ſucceed diluted purple, blue, diluted 
green, yellow, red; purple, blue, green, 
yellow, red; green, diluted yellow, red; 
green, red; diluted green, red; white, 
diluted red; and white light. 


"2 . It 
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If the beam of light be not very di- 
vergent, only the appearance of one 
ſhadowy ill-defined interval will be pro- 
duced between the inflected light neareſt 
to the body and the reſt of the inflected 

ght, and cloſe to this there will be a 

ſtrong illumination of white bright light 
by the condenſation in thoſe parts of the 
neareſt light bent and mixed together, 
but neither will the light be ſeparated 
into fringes,” nor the colours be developed 


and appear. This ſtate of e h IS 
een in Fi 8. 9. 


If the ** of light be nale the 
only appearance will be a border of in- 
flected light gradually inoreaſing from a 
ſtate of extreme dilution, ſcarcely per- 
ceivable, near the ſhadow, in progreſsive 
intenſity and brightneſs outwards, and 
after putting on a very conſiderable de- 
grec of brightneſs and ſtrong illumina- 
tion, decaying gradually into the general 
appearance of other parts af the beam. 
Figure . ſhews the benlinge and diſper- 


ſions 


58 
ſions of the rays under. theſe ciroum- 
| ſtances, which, by their different general 
intermixtures, produce only a white of 
various intenſities. | 


In all theſe e caſes, the light 
neareſt the body, whether conſtituting 
part of an innermoſt fringe, or being only 
the neareſt part of the broad border of 
white inflected light, formed by parallel 
_ rays, is in moſt caſes ſo conſiderably bent 
and diſperſed, that whether coloured or 
not, it is ſcarcely viſible ; and the firſt or 
innermoſt fringe loſing its internal pur- 
ples and blues, there appears in moſt 
caſes of inflection, whether of fringes or 
luminous border only, a greyiſh diluted 
white neareſt to the ſhadow, increaſing 
in brightneſs at greater and greater dif- 
tances from the ſhadow, until it becomes 
a conſiderable breadth of white light, and 
goes on to continue ſo in one broad 
border, or ends in the yellow and red of 
the firſt —_ 


E 4 /// Aboun 


; 


1 
A beam of light was admitted into a 

dark chamber through a ſquare hole one- 
fourth of an inch wide, made in a thin 
piece of lead. Acroſs this beam of light, 
in a plane croſsing its axis at right angles, 
was placed the blade of a knife, ſo that 
its edge was parallel to one of the ſides 
of the hole. One part of the beam fell 
on the blade and was intercepted by it; 
and the other part paſſed on by the edge. 
On the ſide of the paſsing light neareſt to 
the edge, appeared a white border of in- 
flected light, produced in the manner 
ſtated in the fourth general caſe of in, 


flections, before mentioned in this Ob- 


ſervation; and on the oppoſite ſide alſo, 
appeared another ſimilar border of ſimi- 
larly inflected light. Theſe appearances 
were very diſtinet when. received upon 
the border or margin of a ſheet of white 


paper, ſo placed that no part af the 
direct light ſhall fall upon the paper, but 


all of it paſs by. Theſe borders of in- 


flected light are the ſtreams noticed by 


Newton in Obſervation V. being made in 
parallel 


17 
parallel rays of light, one by the edge of 
the knife, the other by the edge of the 
hole. The line of light alſo appeared 
with all the circumſtances deſcribed in 
the ſame Obſervation. 


If in the edges of the hole, or of the 
knife, or of any other body uſed in the 
experiment, there be any irregularities 
of prominent or re-entering parts, ſtrong 


_ radiations of light ſhooting more diſtinctly 


and remotely into the ſhadow from theſe 


parts will appear. To circumſtances. of 


this ſort may have been owing the' radia- 


tions perceived by Newton deviating three 
or four degrees further than the reſt. of 


the light into the ſhadow, and which he 
ſuſpected, though without - reaſon, to 
ariſe from ſome other cauſe than did the 
ſtreams themſelves. Theſe irregularities 
always produce theſe effects in conſe- 


quence of their particular actions on par- 


ticular portions of the paſsing light. 


The appearance of the line of light at 
the edge of the knife, noticed by New- 


A 
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ton, is a circumſtance indeed worthy of 
obſervation and particular attention. This 
light is viſible not only in the lines of general 
direction of the ſtreams of paſsing light, 
but out of them, in every direction round 
about within certain limits, and appears 
broader or narrower, as ſeen in directions 
deviating leſs or more from the general 
courſe of the inflected light. It is there- 
fore compoſed of rays of light iſſuing in 
various directions, and within various limi- 
tations from certain points, as radiants, 
which are differently diſtant from the edge 
of the kniſe, ſo as to exhibit the appearances 
obſerved. This extraordinary diſsipation 
and diffuhion of light diſtin from the 
general inflection, though accompanying 
it under theſe circumſtances, ' depends 
upon the nature and general principles 
of exiſtence of light itſelf, principles op- 
poſed to all upon which the 2 — 
doctrines are ne. | 


This light is not however to be diſtin- 
gmſkhed relatively to its diſtance from the 
oa of the knife, roms that of the fringes 

1 | formed | 
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ſormed under other circumſtances. In 


this caſe, indeed, there are no fringes 


with which it may be compared. In 


other caſes, the fringes are ſormed at 
different times, in different portions of 
the paſsing light, more or lefs remote 
from the body, and the inmoſt fringe 
always in the neareſt light. This light is 
taken out of all thoſe portions of light 
_ which, under other circumſtance, form 
the ſeveral neareſt fringes to the edge of 
the body, and does not therefore paſs be- 
tween the inmoſt fringe and the body, but 
from thoſe very points of paſſage at which, 
under other circumſtances, the neareſt 
_ fringes are formed, is diffuſed in various 
directions out of the general we x fin of the 
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6 | 85 e by this ſo that 
their edges might be parallel, and look 
towards one another, and that the 
beam of light might fall upon both the 
_ knives, and ſome part of it paſs between 
their edges. And when the diſtance of 
their edges was about the 400th part 
of an inch, the ſtream parted in the 
middle, and left a ſnadow between the 
two. parts. This ſhadow was ſo black 


and dark that all the light which paſſed 


between the knives ſeemed. to be bent, 
and turned aſide to the one hand or to 
the other. And as the knives ſtill ap- 
proached one another the ſhadow grew 
broader, and the ſtreams ſhorter at 
their inward ends which were next 
the ſhadow, until upon the contact of 
the knives the whole light vaniſhed, 
leaving its place to the ſhadow. 


And hence 1 gather that the light which 
is leaſt bent, and goes to the inward 
= Eng 


ends of the ſtreams, paſſes by the edges 
of the knives at the greateſt diſtance, 
and this diſtance, when the ſhadow be- 
gins to appear between the ſtreams, is 
about the 800th part of an inch. And 
the light which paſles by the edges of 
the knives at diſtances ſtill leſs and leſs, 
is more and more bent, and goes to thoſe 
parts of the ſtreams which are farther 
and farther from the direct light; be- 
cauſe when the knives approach one 
another till they touch, thoſe parts of 
the ſtreams vaniſh laſt which are fartheſt 
from the direct light. 


7 
914 


; y 5 A. 
"abs £7 9 


 OBSERVA- 


621 
OBSERVATION VII. 


IN- the bin Obſeriation the . Critige did 
not appear, but by reaſon of the 
breadth of the hole in the window be- 

came ſo broad as to run into one ano- 
ther, and by joining, to make one 

continued light in the beginning of 
the ſtreams. But in the fixth, as the 

Knives approached one another, a little 

before the ſhadow appeared between 
the two ſtreams, the fringes began to 

þ appear on the inner ends of the ſtreams 

| on either fide of the direct light ; three 

| on one fide made by the edge of one 
ö knife, and three on the other ſide made 
1 by the edge of the other knife. They 
were diſtincteſt when the knives were 

placed at the greateſt diſtance from 

the hole in the window, and ſtill be- 
came more diſtinct by making the hole 
| leſs, inſomuch that I could ſometimes 
| 1 ſee a faint lineament of a fourth fringe 
beyond the three above-mentioned. 

Ly *. as the knives continually ap- 

| Proached 
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+ proached: one another, the Glace grew 
diſtincter and larger, until they vaniſn- 
ed. The outmoſt fringe yanithed-firit, 
and the middlemoſt next, and the 
innermoſt laſt, And after they were 
all vaniſhed, and the line of light 
which was in the middle between 
them was grown very broad, enlarging 
itſelf on both ſides inte the fireams of 
light deſcribed in the fifth Obſernation, 
the above-mentioned ſhadow began to 
appear in the middle of this line, and 
divide it along the middle into two 
lines of light, and increaſed until the 
whole light vaniſhed. This enlarge 
ment of the fringes was ſo great 
that the rays which go to the inner- 
moſt fringe feemed to be bent above 
twenty times more when this fringe 
was ready to vaniſh, than When one of 
| the knives was Es 7 5 Non 
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And Troms this at thin 08 ee 
tion compared, I gather, that the light 
ol the firſt fringe paſſed by the edge 
00 * Knife at à diſtance greater 
Gan 


1641 
than the 800th part of an inch, and 
the light of the ſecond fringe paſſed 

by the edge of the knife at a greater 
diſtance than the light of the firſt 
fringe did, and that of the third at a 
greater diſtance than that of the ſecond, 
and that of the flreams of light deſcribed 
in the fiſth and ſirth Obſervations paſſed 
by the edges of the knives at leſs diſ- 
tances than that of any of the fringes. 


OBSERVATION £. 


A BEAM of light admitted into a dark 
chamber through a hole about one-fourth 
part of an inch wide, fell upon the blades 
of two knives placed in a plane cutting 
the axis of the beam at right angles with 
their edges inwards, oppoſite, and parallel 
to each other; and whilſt the external 
parts of the beam were intercepted by 
the blades, the other middle part paſſed 
on by, and between. the edges. When 
the edges were diſtant from each other, 
the central parts between them of the 
paking light remaining unchanged, there 

appeared 
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appeared only on the external parts of the 


paſsing beam neareſt to the edges, two 


luminous borders of inflected light, one 
belonging to each edge, and ſimilar each 
to the border or ſtream of light obſerved 
in Obſervations V, and 8, at the edge of 
a ſingle knife. Every thing elſe remain- 
ing unchanged, and the edges being 
moved towards one another, by their ap- 
proach the central unchanged light be- 
came of courſe diminiſhed in breadth; 
and within the borders of inflected light, 
neareſt to each edge on both ſides, numer- 
ous ſlender ſtreaks. of white light, ſepa- 
rated by dark intervals of almoſt equal 


breadths, began to appear, By the nearer 


approach of the knives, the central light 
was yet more diminiſhed in breadth, and 
the white ſtreaks became broader and 
larger, and put on the appearance of 
fringes of various colours with their dark 
intervals conſiderably diminiſhed indeed 


by the invaſion of the broader fringes. 


By the continued approach of the knives, 


the central light at laſt totally diſap- 


peared, and the whole of the light paſs- 
"IT Ss ing 
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ing betweeh the edges, became diſtributed 
on either ſide into two complete ſets of 


fringes, each of them beginning at the 
_ central dividing line of diſtance between 


the edges of the knives. 


Ol theſe fringes, the orders and colours 


were in the ſame ſucceſsion taken out- 
wards from this central line towards the 


edges, with thoſe of the fringes of Caſe 


the 24, Obſervation 8, taken from the edge 


of the fingle knife outwards, but taken 
from the edge of each of theſe knives to 
which they were neareſt, they were in 
exactly an inverted order of ſucceſsion, 
compared with the fringes of that obſer- 
vation made at the edge of a ſingle . 
and with a very ſmall hole. 


AM the Kufves | ddntinuct to approach 
each other, the fringes continued to grow 
broader and broader, and began to ſepa- 
rate to greater diſtances from each other, 
and to diſappear- by pairs at a time, one 


on each fide, as they reſpectively arrived 
at the central dividing line, leaving al- 


1 1 8 ways 
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Ways on both ſides ah equal number of 
fringes with dark intervals of greater 
breadths between them. This number 
by degrees became feduced to the three 
pairs of principal fringes of Obſervation 
VII. and finally to the remains of the laſt 
ſingle pair, one at each edge, with a 
dark interval between them, ſpoken of 
in Obſervation VI. as two ſtreams of light 
n an intermediate ſhadow. 


| an theſe standes ö ate produced in 

this manner: They depend upon the di- 
rergency of the light, and the various 
bendings and diſperſions of different por- 
tions thereof. The divergency is given to 
the light by the edge neareſt to which it 
paſſes, the bendings and W np by 

the remote 98 


When the edges are diſtant, only the 
divergency is ſeen of the inflected light 
at the borders of the beam neareſt to 
each edge. As by their mutual approach 
their various actions upon different Por- 
tions K the intervening light begin to 
— 2 © 
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intermingle with each other, in the di- 
vergent parts of this inflected light, white 
ſtreaks at firſt, and afterwards fringes of 
coloured light with dark intervals begin 


to appear. When the whole of the paſs- 


ing light on either ſide of the central 
dividing line of diſtanee between the 
edges is reduced to divergent light alone, 


and is ſufficiently approached by each. 


oppoſite edge, coloured fringes appear 
over and occupy the whole of the light 
on both ſides. As the edges continue to 
approach, the fringes continue to increaſe 
in breadth, and as the quantity of paſs- 
ing light between the edges is thus leſ- 
ſened, the number of the fringes is ac- 
cordingly diminiſhed, and they diſappear 
by pairs, leaving only one ſingle pair re- 
maining ſeparated to a conſiderable diſ- 
tance from each other by a dark interval 


of conſiderable breadth. 


As 85 relations Lbs the diver- 
gencies, bendings, and diſperſions of theſe 


luaſt portions of inflected light become alſo 
: FRO, the fringes begin again to loſe 


their 
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their colours at their edges, and to put 
on the appearance of breadths or ſtreaks 
of white light, ſeparated by very broad 
dark intervals, and the two laſt remain- 
ing fringes loſe at laſt their colours 
altogether. Finally theſe two laſt alſo 
diſappear upon the contact of the edges. 


Theſe two laſt remaining fringes are 
the ſtreams of light deſcribed by Newton 
in Obſervation VI. and of which he ſtates 
that thoſe parts vaniſh laſt which are 
fartheſt from the direct light. They only 
appear at laſt more remote from- the 
central direction of the paſsing light, 
being then made in light moſt bent from 
this direction, becauſe then paſsing neareſt 
to the adjoining edge. Theſe ſtreams of 
light of Obſervation VI. and alſo the 
ſtreams of Obſervation V. are in Obſerva- 
tion VII. ſtated to be diſtinct from theſe 
fringes, and to paſs by the edges of the 
knives reſpectively at leſs diſtances than 
any of the fringes. But the ſtreams of 
Obſervation VI. are the two very laſt 
remaining fringes themſelves; and the 
F 3 ſtreams 


Cx 
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* of Obſervation V. are compoſed 
of that yery light in which all the fringes 
are formed, and of When they are com- 
. 


oBsERVATION 7. 


THE hole through which the beam of 
light paſſed that fell on the parallel edges 
of the knives in the ſame plane being one» 
fiftieth part of an inch wide, when the 
edges were diſtant from each other, at 
each particular edge appeared the co- 
loured fringes appertaining to each in 
ſuch a beam of light, bs | 


When the dave were moyed ends : 
each other, and the principal fringes of 
each edge approached the central dividing 
line of diſtance between them, the inter- 


yening light between the principal fringes 


#* + % 4 


mixture of pearly appearance of a 
ruddy hues, and by degrees diminithed in 
breadth, and finally diſappeared upon the 
coming together of the principal tringes, 

„ 
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| Theſe alſo, as they arrived at the ſame 


central line, were extinguiſhed, and dif- 
appeared by pairs, whilſt in the interior 


white parts of the two inmoſt fringes 
neareſt to each edge on each fide, ſtreaks 
or fringes at firſt of white, and afterwards 


of coloured light, with dark intervals be- 


- tween them, began to make their ap- 
pearance. At laſt theſe principal-fringes, 


either altogether diſappeared, or their re- 


mains were altogether changed into other 
fringes, which, appearing at firſt neareſt 


to each edge, occupied at laſt all the in- 


tervening light that paſſed between ths 


edges. Of theſe latter fringes,” and of 


their colours, the order and fucecefsion is 


exactly contrary and oppoſite to thoſe of 


the former, taken either from the central 
line between the edges, 'or the edges 
| themſelves. Of thefe, the principal fringes 
began at the central line, and were formed 


towards the edges. Of thoſe, the princi- 


pal fringes began at the edges, and were 


formed towards the central line. The 


purples and blues of theſe were neareſt to, 
the reds moſt remote from, the central 
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line. Of thoſe, the purples and blues 
were neareſt to, the reds moſt remote from, 
each of the edges to which they be- 
longed. As the edges continued to ap- 


Proach each other, theſe latter fringes alſo 


began to diſappear by pairs, and were at 
laſt reduced to three, two, and one pair of 
fringes, ſeparated from each other by dark 


intervals, increaſing in breadth as the 


fringes diſappeared. The fringes alſo loſt 


their colours, and the two laſt putting on 


the appearance of white ſtreaks divided 
by a ſingle dark interval of conſiderable 
breadth, were finally extinguiſhed by the 
contact of the edges. Theſe appearances 
are produced in the light formed into 

coloured fringes, in the ſame manner as 
in the preceding Obſervation e, they were 

produced in the borders of white light _ 
inflected by each edge towards itſelf. 


When the edges of the knives are at 
a given diſtance of approach, if their 
movements towards each other be ſtop- 
ped, and the direction of the plane of 
reception of the fringes, or the diſtance of 

| obſerva. 
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obſervation from the knives be variouſly 
changed ; by changes alone of the obli- 
quities or diſtances of the plane of recep- 


tion, all theſe appearances may be pro- 


duced. If the diſtance of obſervation 


from the knives be ſmall, the principal 
of the former fringes may be obſerved at 


each particular neareſt edge that produces 


them: This diſtance being increaſed, - 


theſe fringes will appear to meet and run 
together and extinguiſh one another; 
and by further increaſe of diftance, the 
latter fringes will begin to appear and in- 
creaſe in breadth and diſtinctneſs of for- 
mation and colour. If the diſtance again 
remain unchanged, one obliquity of the 
plane of reception will exhibit one ſtate, 
and another obliquity another ſtate of 
theſe appearances. Whoever contem- 
plates the various changes of direction 
and colour produced in the light under 
all theſe circumſtances, will not much 


wonder that the illuſtrious Newton ſhould | 


attribute motions to the rays reſembling 
the movements of eels. If at the com- 
mencement of the experiment à point 
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or line be taken at the place of obſerva- 
tion, as the place of a correſponding 
point, or of the line of ſhadow of one of 
the edges, the fringes will at one time be 


found remote from, on one ſide of, at 


another time remote from, on the other 
ſide of this point or line, and again upon 
this very point of place or line. This 
point or line they will from a diſtance 
advance to, paſs over, and move to a 


diſtance beyond, and when formed on 
this fide thereof, the orders of the fringes 
will be formed in one direction; when 


formed on the other ſide thereof, in a 
contrary direction. The purples and blues 


. will be neareſt to, the reds molt remote, 


now from this point on this fide, and now. 

from this point on the oppoſite fide. It 
muſt however be remembered, that all 
theſe changes are to be aſcribed: to dif- 
ferent changes of relation and condition 
of circumſtances and things, and not to 
changes of direction of the rays in their 


paſſage, whilſt all other things preſerve 


their: place and ſtate unchanged. 
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OBSERVATION . 


Tux dimenſions of the hole being large, 
and the beam of paſsing light therefore 
conſiſting of parallel rays, if the edges of 
the knives be parallel to each other, 
although not in the ſame plane, but in 
different and diſtinct parallel planes, and 


whilſt that one of the edges which is 


neareſt to the hole 1s fixed, the other 
moves towards it, contiffuing in the ſame 
plane, the lines, bands, or ſtreaks of 
coloured light and ſhade will appear on 
the ſide of the edge neareſt to the hole, 
and by which the light firſt paſſes in its 
paſlage, and alſo on the ſide of the other 
edge, it the diſtance be not too great of 
the two planes in which the edges are; 
but if the diſtance of the planes be ſuffi- 
ciently great, they, will not appear on 
the ſide of the moving edge, for this edge 
can only approach a ſmall portion at a 
time of the light which has been coloured 
and ſpread by the fixed edge, and the 
whole of that light ſo approached is ex- 
EE ' _  ceed> 
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ceedingly ſpread and expanded by its 
cloſe approach to the fixed edge ; but the 
moving edge approaching the light bent 
into, and illuminating the ſhadow of the 
fixed edge, ſeparates that into portions 
of coloured light and ſhade, and ſo evi- 
dently ſhews that this is produced by the 
action of each edge when in the ſame 
plane upon the bent light of the other; 
and as it can only approach the parts of 
this light gradually now that it is ex- 
panded and ſeparated to greater diſtances, 
and 1s not all cloſe together as at the time 
of expanſion, when the edges approach 
each other in the ſame plane, the por- 
tions of coloured light preſerve in the 
progreſs of the moving edge very nearly 
their ſame dimenſions of breadth, and ſo 
ſhew that in the foregoing caſe their ex- 
panſion and divergency were owing to 
the neareſt edge, and alſo even long after 
the moving edge having paſſed the 
furtheſt limit of the direct light, or the 
line dropped perpendicularly on the plane 
of the hole from the fixed edge, and pro- 
duced theretrom, can receive no direct 


light 


E 

light from the hole paſsing by its own 
edge, it ſtill continues to colour even in 
its furtheſt and extreme ſtate of dilution 
and divarication, and to continue the 
evaneſcent formation of fringes in the 


light bent by the fixed —_ into and 


towards its ſhadow. 


OBSERVATINON oY 


155 a beam of light paſſed into a dark 
chamber through a hole about the one- 


fiftieth part of an inch wide, a flat thin 


piece .of lead of an oblong parallelogrami- 
nic form was placed ſo that the axis of 
the beam was at right angles to the plane 
of one of the flat ſides, and part of the 
light falling thereon, the reſt paſſed by 


on either fide of the two oppoſite pa- 
rallel edges. Receiving the beam at a 
given diſtance of obſervation, when. the 


breadth of the piece of lead, or the diſ- 


tance of the parallel ſides or edges was 
ſufficiently conſiderable, adjoining to 
each edge appeared the fringes of colours 


uſually obſerved under ſuch circum- 
ſtances. 


By 
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By reduction of the breadth of tlie 
piece of lead, or the ſubſtitution of one 
more narrow but of ſimilar form, in the 


white inflected light of each innermoſt 
fringe on both ſides neareſt to the parallel 


edges, thin ſlender ſtreaks of white light, 


with dark intervals, began to make their 


appearance. By further reduction of 
the breadth of the lead, or the ſubſtitu- 
tion of narrower pieces, theſe white 
ſtreaks became broader and more diſtinct, 
and approached the central dividing line 
of the ſhadow or - diſtance between the. 
oppoſite edges, putting on at the ſame 


time the appearance of fringes in an order 


of colour and ſucceſsion the ſame with 
that of the former fringes, the purples 


and blues being neareſt to, the reds moſt 


remote from the centre of the ſhadow. . 
By further ſucceſsive reductions of the 

ſame, or ſubſtitutions of other narrower 
pieces of lead, theſe latter fringes ad- 
vanced to the central line of the ſhadow 
where they met and diſappeared by pairs, 


. whilſt the former fringes ſucceſsively be- 
came broader, until upon the extreme 


reduc- 


7 


reduction of, or with a very narrow piece 


of lead, all the latter fringes diſappeared, 
| leaving, a dark intermediate ſhadow or 


interval of conſiderable dimenſions be- 
tween the remaining fringes. 


If, inſtead of thin flat pieces of lead, 
cylinders be uſed of various fubſtances, 
of various dimenſions, down to the hair 
of the preceding Obſervation, ebe appear- 
ances will be the ſame. 


CEC 


ſions being employed, by change alone 
of the diſtance of obſervation, or of the 


obliquity of the plane'of reception, ſimilar 


appearances may be exhibited. 


' OBSERVA- 


I cavsED the edges of two kinds to be 
ground truly ſtrait, and pricking their 
points into a board ſo that their edges 
might look towards one another, and 
meeting near their points contain a 
rectilinear angle, I faſtened . their 
handles together with pitch to make 
this angle invariable. The diſtance of 
the edges of. the knives from one ano- 
ther at the diſtance of four inches from 
the angular point, where the edges of 
the knives met, was the eighth part of 
an inch; and therefore the angle con- 
tained by the edges was about one de- 
gree 54, The Knives thus fixed 
together I placed in a beam of the 
ſun's light, let into my darkened 
chamber through a hole the 42d part 
of an inch wide, at the diſtance of ten 
or fifteen feet from the hole, and let 
the . light which paſſed betwen their 
edges fall very obliquely upon a ſmooth 


| | white ruler at the diſtance of half an 
, 
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inch, or an inck from the knives, and 
there faw the fringes by the two edges 
of the knives run along the edges of 
the ſhadows of the knives in lines paral- 
lel to thoſe edges without growing 
ſenſibly broader, till they met in angles 
equal to the angle contained by the 
edges of the knives, and where they 
met and joined they ended without 
 croſsing one another. But if the ruler 
was held at a much greater diſtance 
from the knives, the fringes where 
they were farther from the place of 
their meeting, were a little narrower, 
and became ſomething broader and 
broader as they approached nearer and 
nearer to one another, and after they 
met they eroſſed one another, and then 
became much broader than before. 


Whence I gather that the diſtances at 


which the fringes paſs by the knives 
are not mcreaſed nor altered by the ap- 

_ proach of the knives, but the angles 
in which the rays are there bent are 


much increaſed by that approach; and 


8 8 that 


1 res eng, 


1 
that the knife which is neareſt any ray 
determines which way the ray ſhall be 


bent, and the other knife 7 0 the 
bent. 


OBSERVATION . 


UNDER the circumſtances of Obſerva- 
tion e, the edges of the two knives being 
inclined towards one another, ſo as to 
interſect each other, and contain a very 
ſmall angle between them, all the ap- 
pearances were at one and the ſame time 
Exhibited along both edges as the diſ- 
tances between them are diminiſhed, 
which were produced at different times 
by the gradual approach towards each 
other of the parallel edges in that obſer- 
vation. When the diſtance of the edges 
was conſiderable, each edge made ſepa- 
rately and apart from the other the 
fringes which a ſingle edge makes in ſuch 
a beam of light. At leſs diſtances ſuc- 
ceſsively decreaſing, of the edges from 
each other, each edge unbends and diſ- 
ſolves the e formed by the oppolite 


edge, 
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edge, beginning at the outmoſt and pro- 
ceeding to the three principal fringes 

each edge bends towards itſelf the light, 
which at the ſame diſtance from the op- 
polite edge would, if that were a ſingle 
edge, be formed into ſome of the fringes 
belonging to it; each edge forms for 
| itſelf in the light thus bent by the oppo- 
| ſite edge towards itſelf fringes which 
become broader and diſappear together 
by pairs, one from each edge, until light 
and diſtance between the edges remain 
only ſufficient for the production of one 
fringe on each ſide; and theſe laſt re- 
maining fringes each edge draws afide and 
| ſeparates from one other, until decaying 
upon the partial, they diſappear upon the 
total interception of the light. 


At the extremities therefore of the edges 


at points moſt remote from the point of 


their interſection, the former fringes of 
each edge appear diſtinct and diſtant from 
each other, and run along the edges of 
the ſhadows of the knives in lines _—_ | 
to thoſe edges to meet each other. As. 

GS the 
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that the knife which is neareſt any ray 
determines which way the ray ſhall be 


bent, and the other knife increaſes the 
bent. 


OBSERVATION =. 


Uxpkn the circumſtances of Obſerva- 
tion e, the edges of the two knives being 
inclined towards one another, ſo as to 


 interſe&t each other, and contain a very 


ſmall angle between them, all the ap- 
pearances were at one and the ſame time 
exhibited along both edges as the diſ- 
tances between them are diminiſhed, 
which were produced at different times 
by the gradual approach towards each 
other of the parallel edges in that obſer- 
vation. When the diſtance of the edges 
was conſiderable, each edge made ſepa- 
rately and apart from the other the 
fringes which a ſingle edge makes in ſuch 
a beam of light. At leſs diſtances ſuc- 


ceſsively decreaſing, of the edges from 


each other, each edge unbends and diſ- 
ſolves the fringes formed by the oppoſite 
| | edge, 


TY 


| edge, beginning at the outmoſt and pro- 


ceeding to the three principal fringes; 
each edge bends towards itſelf the light, 
which at the ſame diſtance from the op- 


poſite edge would, if that were a ſingle 
edge, be formed into ſome of the fringes 
belonging to it; each edge forms for 


itſelf in the light thus bent by the oppo- 
| ſite edge towards itſelf fringes which 
become broader and diſappear together 
by pairs, one from each edge, until light 
and diſtance between the edges remain 
only ſufficient for the production of one 
_ fringe on each fide; and theſe laſt re- 
maining fringes each edge draws aſide and 
ſeparates from one other, until decaying 
upon the partial, they diſappear upon the 
total interception of the light. 


At the extremities therefore of the edges 
at points moſt remote from the point of 


their interſection, the former fringes of ; 


each edge appear diſtinct and diſtant from 
each other, and run along the edges of 
the ſhadows of the knives in lines parallel 
to thoſe edges to meet each other. As 


G 2 | the 


2 * * 
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the three: principal fringes of theſe ap- 
proach to croſs one another, at points 
nearer the angle of concourſe of the 
edges, the intervening light by the 
commixture of the outmoſt fringes, puts 
on a motley pearly appearance of various 
ruddy hues. 


At various lefs diſtances ſuceefsively 
taken from the fame angle or point of 
concourſe, thefe principal fringes, after 
appearing to meet and crofs one another, 
feem to re-appear again on the other ſide 
oppoſite to that on which they were be- 
fore feen, and feem to be thofe very 
fringes themſelves, whilft they gradually 
and imperceptibly, by the gradual and 
imperceptible diminution of diſtance be- 
tween the edges, and change of their 
actions upon various portions of light, 
run into each other. But theſe latter 
fringes are not the ſame with the former, 
nor made in the ſame light with them; 
nor made in light paſting at the ſame 
diſtances as are they from each edge that 
makes them; but theſe latter are made 


11 
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in that light which at the oppoſite edge, 
if the edge that makes them were away, 


would conſtitute the inmoſt fringe of that 5 


edge, whilſt the light, paſsing between 


them and the edge that makes them, is 


employed in the formation of fringes by 
the oppoſite edge. Theſe latter fringes 
therefore are formed in light more diſtant 
from the edge which forms them, than 
are the former which commence in the 
light immediately neareſt to each edge, 


and therefore in the different formation 


of theſe; different fringes, the diſtanoes 


at which they paſs by the edges of the 


knives, are altered and increaſed ws the * 
n of the knives. 


In points yet nearer the angle of 5 


courſe, as the edges are more near to 
each other, each edge makes its fringes 
in light more bent and more divergent, 
as paſsing nearer to the oppoſite edge, 
and therefore the fringes are more broad, 
and being alſo more removed on each fide 
from each other, the increaſed nearneſs 
of the edges ſeems to increaſe the bending 
G 3 | of 
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of the light, whilſt it only removes and 

changes the formation of the fringes into 
light that was before already more bent 
than that light in which the fringes had 
previouſly been formed. This latter light, 
though actually more bent than the 
former in which the fringes had been 
formed, is actually leſs bent than it was 
before the approach of the edge ; the op- 
poſing and contrary action of the edge 
which makes the fringes in it, to the edge 
which bends it, not only forming thoſe 
fringes in it, but at the ſame time leſſen- 
ing the general bent and divergency given 
by this latter edge. The approach there- 
fore of the knives, at the ſame time that 
it alters and increaſes the diſtances at 
which theſe latter fringes paſs by the 
knives, diminiſhes the angles at which 
the rays are there bent, and whilſt each 
knife bends towards itſelf the rays neareſt 
to it, the other knife diminiſhies the bent. 


 OBSERVA- 
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..., OBSERVATION IX. 


WHEN the rays fell very obliquely upon 
the ruler at the diſtance. of the third 
part of an inch from the knives, the 
dark line between the firſt and ſecond 
Fringe of the ſhadow of one knife, and 
the dark line between the firſt and 
ſecond fringe: of the ſhadow of the 
other knife met with one another, at 
the diſtance of the fifth part of an inch 
from the end of the light which paſſed 
between the knives at the concourſe of 
their edges. And therefore the diſ- 
tance of the edges of the knives at the 
meeting of theſe dark lines was the 
160r⁵ part of an inch. For as four 
inches to the eighth part of an inch, 
ſo is any length of the edges of the 
knives meaſured from the point of 
their concourſe to the diſtance of the 
edges of the knives at the end of that 
length, and ſo is the fifth part of an 
inch to the 160th part. So then the 
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dark lines above- mentioned meet in 


the middle of the light which paſſes 
between the knives where. they are diſ- 
tant the 160th part of an inch, and the 


ene half of that light paſſes by the 
edge of one knife at a diſtance not 
greater than the 320th part of an inch, 
and falling upon the paper makes the 
fringes of the ſhadow of that knife, 


and the other half paſſes by the edge 


of the other knife, at a diſtance not 
greater than the 320th part of an inch, 
and falling upon the paper makes the 
fringes of the ſhadow of the other 
knife. But if the paper be held at a 
diſtance from the knives greater than 


the third part of an inch, the dark 
lines above- mentioned meet at a greater 
diſtance than the fifth part of an inch 


from the end of the light which pafſed 
between the knives at the concourſe 


of their edges; and therefore the light 


which falls upon the paper where thoſe 


dark lines meet, paſſes between the 
Knives where the edges are diſtant above 


the 160th part of an inch. 


For 
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For at another time, when the two 3 


were diſtant eight 


feet and five inches 


from the little hole in the window, 
made with a ſmall pin as above, the 
light which fell upon the paper where 
the aforeſaid dark lines met, paſſed 
between the knives, where the diſtance 
between their edges was as in the fol- 
lowing table, when the diſtance of the 
paper from the Knives was alſo as fol- 


| Diftances of the Paper| Diftances between the 
- from the Knives in| edges of the Knives| 
Inc les. 41:4. ul Dh ee mm 
| ol of s an Inch. * 
n 0˙0 
34. a 0020 
$4. Fee 
32. E 
_ o 
Hu 31. ” On 087 3 
And wing 1 en that the light which 


makes the fringes upon the paper is not 


the ſame light at 


all diſtunces of the 
| com 
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paper from the knives, but when the 
paper is held near the knives, the 
tringes are made by light which paſſes 
buy the edges of the knives at a leſs di/- 
- tance, and is more bent than when the 
paper is held at à greater diflance from 
the knives. | 


OBSERVATION x. 


ALL other circumſtances remaining of 
the experiment in Obſervation „ if the 
diſtance alone from the hole of the plane 
of reception of the ſhadows and fringes be 
varied and changed, all their dimenſions 
and parts and the diſtances between 
theſe will be alſo varied and changed in 
conſequence of the divergency of the 
beam of light produced by paſsing through 
the ſmall hole of the experiment. The 
diſtance. of obſervation from the hole 
being doubled or trebled, the dimenſions 
of all parts of the thadows-and- fringes, 
and of their diſtances will alſo be doubled 
or trebled, or the diſtance being in the 
ſame manner decreaſed, theſe alſo will 

| | be 
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be in the ſame manner diminiſhed ; and 
theſe augmentations or diminutions of 
parts-will proceed very nearly with the 
ſame changes of the diſtance of obſerva- 
tion, excepting only ſome variations from 
theſe” exact proportions, occaſioned” by 
deviations from the general divergency 
of the beam produced by the actions of 
the edges on the light neareſt to them, 
as in the caſe of the ſhadow of the hair 
in the foremoſt of theſe Obſervations, 
When therefore at any given diſtance of 
obſervation from the hole in the window 
the dark line between the firſt and ſecond 

fringes of the ſhadow of one knife, and 
the dark line between the firſt and ſecond 
fringes of the ſhadow of the other knife, 
meet with one another at the diſtance of 
the fifth part of an inch from the end of 
the light which paſſed between the knives 
at the concourſe of their edges, if a 
greater diſtance of obſervation be taken, 
the dark lines above-mentioned will meet 
at a greater diſtance than the fifth part of 
an inch from the end of the light which 
paſſed _—_— the knives at the con- 
. courſe 
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courſe of their edges; and the diſtance 
of this point of meeting of the dark lines 
fromthe ſhadow of the edge of either knife, 
will be greater in the latter than the former 

caſe, - So if half a dozen, or any other 
greater number of diſtances of obſervation 
from the hole be taken ſucceſsively greater, 
the diſtances of this point of meeting of 
the dark lines from the edge of either 
knife will alſo be found to be ſucceſsively 
greater. And this increaſe of diſtance is 
produced by the divergency of the beam 
of light, a cauſe which is known to. exiſt, 


and which is alone ſufficient to account 


for it. The light therefore which makes 
the fringes is the ſame light at all diſtances 
of obſervation from the knives, or from 
the hole; and the tringes, when obſerved 
at diſtances nearer to the knives, or to 


tze hole, are not made in light which 


paſſes by the edges of the knives at a leſs 


diſtance, and is more bent than when the | 


diſtance is greater of obſervation from the 


knmves, or the hole of the window. 


* 4 * =" * 
* 
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The meafures thus varying, and from 
this cauſe, of the diſtance of the point of 
_ concourſe of the dark lines between the 
inmolt fringes of either edge from the end 
of the light paſsing between the point 
of concourſe of the edges; and of the dife 
tance of this ſame point from the ſhadow 
of either edge, can in no cafe be taken 
for the mcafures themfelves of the dif- 
tances of the paſsing light that forms 
them at the places of its paſſage from the 
point of concourſe of the edges, or fromt 
the edges themſelves. The diſtance there- 
fore of thoſe points of the edges of the 
knives between which the light paſſes 
and forms afterwards a point of concourſe 
of the dark lines of the inmoſt fringes off 
each edge, is, under the circumſtances of 
the Newtonian obſervation, leſs than the 
160th part of an inch, and its half leſs 
than the 320th part of an inch. Allow- 
ing theſe meaſures to be duly taken, 
and to be true, at all greater diſtances 
from the angle of concourſe of the edges, 
all the fringes of each edge, except the 
two inmoſt, are made in light which 
<> paſles 
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paſſes by the edge of that knife at diſ- 
tances greater than the 320th part of an 
inch, and at leſs diſtances from the angle 
of concourſe, half the light paſsing by 
the edge of one knife at diſtances leſs 
than the 320th part of an inch, makes 
the fringes of he ſhadow of the other 
and oppoſite knife, and the other half 
paſsing by the edge of the other and 
oppoſite knife at the ſame diſtances, 
makes the fringes of the ſhadow of this 

knife. - TTY - 
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WHEN the fringes öf the ſhadows of 
the knives fell perpendicularly upon a 
paper at a great diſtance from the 
knives, they were in the form of hy- 
perbolas, and their dimenſions were as 
follows. Let CA, CB [in Fig. 3.] 
_ repreſent lines drawn upon the paper 
parallel to the edges of the knives, and 
between which all the light would fall, 
if it paſſed between the edges of the 
knives without inflection; DE a right 
line drawn through C. making the 
angles AC D, BCE, equal to one 
another, and terminating all the light 
which falls upon the paper from the 
point where the edges of the kniyes 
meet; eis, fkt, and glv, three hy- 
perbolical lines repreſenting the ter- 
minus of the ſhadow of one of the 
| Knives, the dark line between the firſt 
and ſecond fringes of that ſhadow, and 
the dark line between the ſecond and 
third fringes of the ſame ſhadow ; 
rip, 1, and zlr, three other hy- 
perbolical lines repreſenting the ter- 
minus 


[8] 5 
minus of the ſhadow of the other knife, 
the dark line between the firſt and 


ſecond fringes of that ſhadow, and the 
dark line between the ſecond and third 


© fringes of the ſame ſhadow. And con- 


ceive that theſe three hyperbolas are 
like and equal to the former three, 


and croſs them in the points i, k, and 


t, and that the ſhadows of the knives 
are terminated and diſtinguiſhed from 


the firſt luminous fringes by the lines ez s 
and 2 1, until the meeting and croſs- 


ing of the fringes, and then thoſe lines 


| erofs the fringes in the form of dark 


lines, terminating the firſt luminous 
fringes within fide, and diftinguiſhing 
them from another light which begins 
to appear at i, and illuminates all the 


' triangular ſpace ip D Es comprehended 


by theſe dark lines, . and the right line 


DE. Of theſe hyperbolas one aſymp- 


tote is the line DE, and their other 


aſymptotes are parallel to the lines C A 


and CB. Let rv repreſent a line drawn 


any where upon the paper parallel to 
the aſymptote DE, and let this line 


croſs 
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eroſs the right lines AC in m, and BC 
in 2, and the ſix dark hyperbolical 
lines in p, 9, 7; 5, t, v; and by mea- 
ſuring the diſtances ps, qt, 7v, and 
thence collecting the lengths of the 
ordinates np, ng, r, or ms, mt, mv, 
and doing this at ſeveral diſtances of 
the line rv from the aſymptote DD, 
you may find as many points of theſe 
- hyperbolas as you pleaſe, ' and thereby 
know that theſe curve lines are hyper- 
bolas differing little from the conical 
hyperbola. And by meaſuring the lines 
Ci, Ck, Cl, you may Ay other Poon 
of theſe curves. 


For inſtance; whats the knives were diſ- 
tant from the hole in the window ten 
feet, and the paper from the knives 
nine feet, and the angle contained by 
the edges of the knives to which the 
angles ACB is equal, was ſubtended 
by a chord which was to the radius as 
1 to 32, and the diſtance of the line 
7 from the aſymptote D E was half an 
inch I meaſured the lines ps, gt, vu, 
II | and 
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and found them 0'35, 0'65, 0'98 inches 

refpectively; and by adding to their 
. halfs the line tmn, (which here was 
the 128th part of an inch, or 0'0078 
. inches,). the ſums np, ng, ur, were 
. 01828, ,0'3328, 0'4978 inches. 1 
. meaſured alſo the diſtances ' of the 
\ brighteſt parts of the fringes which run 
between pg and 31, qr and tv, and 
next beyond r and v, and found them 
Ayes Q's, and 3-47 n 8 
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As the 2 laſt 1 PE: tho 
angle of concourſe of the edges of the 
knives begin to appear at the angle of 
croſsing of the two dark lines or intervals 
which bound them, and are more dilated 
and ſpread out towards theſe boundaries, 
the light which compoſes them, puts on 
an irregular triangular appearance. In 
this light, at the croſsing angle of theſe 
lines, theſe fringes are blended and 
united, exhibiting, at their external bor- 
ders on both ſides, yellow and red colours, 
ut | until 
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until at a 88 nearer to the- angle of 
concourſe of the edges of the knives, 
they begin to be ſeparated and divided by 
an intermediate dark. interval between 
them, on both ſides. of the vertical parts 
of which, diluted purple and blue hues 
appear compleating with the external 
yellow. and red, and intervening white, 
the formation of theſe fringes. ,; As. this 
intermediate interval of darkneſs dilates 
and extends itſelf triangularly, the colours 
and light that . compoſe theſe fringes 
gradually decay, and finally diſappear, 


This foi light, W Fo not 
_ another light, diſtinct and diſtinguiſhable 
from that of the laſt luminous fringes neareſt 

to the angle of concourſe of the edges of 
the knives, but is the very light that 
conſtitutes and makes thoſe fringes. This 
light is, thoſe fringes, and no other light 
does or can appear between them. Ihe 
dark lines that bound them externally are 
the dark intervals that ſeparate them from 
the adjoining fringes on both ſides, and 
are wo the terminĩ of the thadows of the 
H 2 ped edges 
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edges of the knives, for theſe termini 


never croſs each other. The dark trian- 
gular ſpace between theſe fringes, is that 
which in Obfervation e, was noticed as 
appearing between the two laſt fringes 
upon the approach of the knives, as here 


| by their proximity, and expanding itſelf 


in breadth until the laſt remaining white 
diluted light of the laſt fringes ceaſed to 
appear. Of the dark lines or intervals 


chat ſeparate the fringes, as well the 


former which appear at each diſtin 
edge, when the edges are remote from 
each other, as theſe latter which appear 
at each oppoſite edge, when the edges 
are approached to each other, the hyper- 


boliſm may be aſcertained by, or depend 


upon the Newtonian meaſures, which it 


may not perhaps be neceſſury to repeat. 


The delicacy and accuracy required in 
making them, give too much occaſion 
for accommodation, and too little for 
confidence; and this confidence may 
ſomewhat be diminiſhed by the obſerva- 
tion, that the dark intervals ſeparating 


the two laſt from the two fringes next to 


theſe 
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theſe laſt on either ſide, have 1 miſ= 
taken for lines terminating. the ſhadows 
| bf the edges of the knives. Indepen- 
dantly of all meaſures, where trifling 
errors againſt which ſenſe can ſcarcely 
guard will make important differences, the 
nature of theſe curves may better be con- 
jectured by a proper judgment formed 
upon conſideration of the circumſtances 
under which they exiſt, and are pro- 
duced. Can the actual paralleliſm of the 
former fringes, and their intervals to the 
ſhadows of their ſeparate edges be doubted 
of? and with the general divergency of 
the beam of light uſed in the experiment, 
or produced by. the knives, and with the 
action of each edge operating on the light 
at right angles to the line of direction 
of the edge, or if changed by tlie action 
of the oppoſite edge being. joined to it, 
changed to a direction more - inclined 
towards the perpendicular lines drawn 
from the point of concourſe of the edges 
upon each edge, will not the dark lines 
between the two laſt. of the latter fringes 
on either ſide neareſt to the angle of con» 
H 3 courſe 
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541% inſtead of the OP —_— 
fided flat pieces of lead of Obfervation , 


a ſingle triangular” piece, with a' very 
ſmall vertical angle, or a very acute- 


ahziedk bone of any Told fiblifnce” be 


employed, all the phænomena which at 
different times appear at the ſides of the 


ſhadows of different pieces of lead, as 


their breadths or diftances are increaſed 
or diminiſhed, will at one and the ſame 
time be exhibited at different diſtances 
from the vertex of the triangle or cone. 
At the greateſt diſtances from the vertex 
on either fide of the body, appear the 
fringes whieh in ſuch a beam of light are 
always ſeen at the ſingle edge of any 


| plane ſubſtance. At points nearer and 


nearer to the vertex, the inmoſt parts of 


the light of the inmoſt fringe on either 


fi de, become divided into alternate ſtreaks 
of ſhade and light, which become broader 
8 5 4 


fie 


and broader, and put on the appearance 
of fringes. Of theſe latter frip! ges the 
order of ſucteſfion of colours is the fame 


with that of the former fringes. Both: 


ſets, of fringes grow, broader as they run 
along the edges of the body towards the 
vertex, to which, as they draw nigh, the 
latter fringes, begin to diſappear by pairs, 
their three principal fringes running into 
and mixing with the three principal of 
the former fringes, whilſt theſe increaſe 
in breadth, and are extended into their 


greateſt ſtate of dilution and divarica- 


dens at * very vertex of. * ere which 
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THE ſun ſhining! into my Unieeried w. room 
through a ſmall round hole made in 2 
plate of lead with a flender pin, as 
above; I placed at the hole a priſm to 


refra&t the light, and form on the op- 


poſite wall the ſpectrum of colours, 
_ deſcribed in the third Experiment of 
the firſt Book. And then FT found that 


the ſhadows of all bodies held in the 


coloured light between the priſm and 


the wall, were bordered with fringes of 
the colour of that light in which they 
were held. In the full red light they 


were totally red without any ſenſible 


blue or violet, and in the deep blue 


Asen, 1 found that thoſe made in the 


light they were totally blue without 
any ſenſible red or yellow; and ſo in 
the green light they were totally green, 
excepting a little yellow and blue, 
which were mixed in the green light 
of the priſm. And comparing the 
fringes made in the ſeveral coloured 


red 
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ted light were largeſt, thoſe made 
in the violet were leaſt, and thoſe made 
in the green were of a middle bigneſs. 
For the fringes with which the ſhadow 
. of a man's hair were bordered „being 
meaſured croſs the ſhadow at the diſ- 
tance of ſix inches from the hair, the 

_ diſtance between the middle and moſt 
luminous part of the firſt or innermoſt 
ringe on one fide of the ſhadow, and 
that of the like fringe on the other ſide 
« the ſhadow, was in the full red light 


= of an inch, and in the full violet .. 


And the like diſtance between the 

middle and moſt luminous parts of the 

- ſecond fringes on either ſide the ſhadow = 4 
was in the full red light r, and in the 3 . 
violet of an inch. And theſe diſ- N 

tances of the fringes held the ſame pro- 

portion at all diſtances from the hair 

without any ſenſible variation. a 


„ » 
% 


80 then the rays which made theſe 
_ fringes in the red light paſſed by the 

" Hake at a greater diftance than' thoſe 
did 
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did which made the like fringes in the 

violet; and therefore the hair in cauf- 
ing theſe fringes acted alike upon the 
red light or leaſt refrangible rays at a 
greater diſtance, and upon the violet 
or moſt refrangible rays at à leſs diſ- 
tance, and by thoſe actions diſpoſed the 
red light into larger fringes, and the 
violet into ſmaller, and the lights of 
intermediate colours into fringes of in- 
termediate bigneſſes without changing 
the colour of any fort of Ty M 


When os the m in the firſt and 
. ſecond: of theſe Obſervations. was held 
in the white beam of the ſun's. light, 
and caſt a ſhadow which was bordered 
with three fringes of coloured light, 
thoſe colours aroſe not from any new 
modifications impreſſed upon the rays of 
light by the hair, but only from the 
various inflections whereby the ſeveral 
. ſorts of rays were ſeparated from one ano- 
. ther, which before ſeparation, by the 
mixture of all their colours, compoſed 
| the 


the white beam of (lie ſun's light, but 
whenever feparated, compoſe lights of 
the ſeveral: colouts which they are 
originally diſpoſed to exhibit. In this 
lIith Obfervation, where the colours 
are ſeparated before the light paſſes by 
the hair, the leaſt refrangible fays, 
which when ſeparated- from the veſt 
make red, were inflected at a greater 
diſtance from the hairy ſo as to make 
thtee red fringes at à greater diſtance 
from the middle of the thadow of the 
hair; "and: the moſt fefrangible rays 
Whieh when ſeparated make violet, 


S infleted at a leſs diſtanee from 
the hair, ſo as ts make three violet 


ttinges at a leſs diſtance from the mid- 
dle of the ſhadow of the hair. And 
© other rays of intermediate degrees of 
refrangibility were inflected at inter- 


_ © mediate diſtanees from the hair, ſo as 


to make fringes of intermediate ours 
at intermediate diſtances from the mid- 
dle of the ſhadow of the hair. And in 
the ſecond Obſervation, where all the 


colours are mixed in the white light 
| | which 
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which paſſes by the hair, theſe coldurs 
are ſeparated by the various inflections 
of the rays, and the fringes which they 
make appear altogther, and the inner- 
moſt fringes being contiguous make 
one broad fringe compoſed of all the 
colours in due order, the violet lying 
on the inſide of the fringe next the 
ſhadow, : the red on the outſide fartheſt 
from the ſhadow, and the blue, green, 
and yellow, in the middle. And, in 
like manner, the middlemoſt fringes 
of all the colours lying in order, and 
being contiguous, make another broad 
fringe compoſed of all the colours; 
and the outmoſt fringes of all the 
colours lying in order, and being con- 
tiguous, make a third broad fringe 
compoſed of all the colours. Theſe are 
the three fringes of coloured light with 
which the ſhadows of all bodies are 
bordered in the ſecond Obſervation: 


| OBSERV As 
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OBSERVATION v. 


A PRISM being applied cloſe to a ſmall 
hole, one-fiftieth part of an inch wide, 
through which a ſlender beam of ſolar 
light paſſed into a darkened chamber, the 
beam of light was ſeparated into its vari- 
ous colours. Acroſs this beam of coloured 
light I Þlaced variouſly, and at various 
angles of inclination to the direction of 
the axis of the priſm, the edge of a plain 
thin metallic body, and obſerved that the 
different fringes made in the differently 
coloured lights, were formed exactly in 
the ſame manner as they are formed of 
the ſame various lights, when the white 
beam is at the fame time variouſly in- 
flected and ſeparated into theſe lights, ſo 
as afterwards, by their various mixtures, 
to form the parti - ooloured fringes before 
deſcribed. W Ne 


The red rays therefore were bent into 
leſs angles of deviation towards the 
dody from their original lines of direc- 
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tion, to greater diſtances, and formed into 


larger fringes. The purples were more 
bent to ſmaller diſtances, and into ſmaller 


fringes. The intermediate blues, greens, 


angles of deviation, to intermediate diſ- 


and yellows, were bent in intermediate 


tances, into fringes of intermediate ſizes. 


The dark intervals alſo between all theſe 
fringes of the ſame colours, were more 
large and more diſtinct than between the 
fringes of various colours, When there- 
fore the white light, in its paſſage by the 
edge of any body, is at once ſeparated 
and bent into theſe fringes of various 


colours, they form by their various mix- 
tures, at different diſtances of obſerva- 
tion, the parti-coloured fringes, of the 


foregoing obſervations to which the pur- 
ples and blues are internal, being inflected 
to. neareſt diſtances in greater angles of 
deviation, the reds external, being in- 
fiefted to farther diſtances in ſmaller 
angles of deviation, and the intermediate 
colours to intermediate diſtances, in inter- 
mediate angles of deviation from their 
original direction, invading and leaving. 
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us ciroumſtances may determine, dark in- 
| tervals of greater or ſmaller breadths, or 
1 en and W 


In Figure x, let AB ML be a beam 
of white light paſsing through any tran- 
ſparent medium, as water, glaſs, or air; 
and let AB DC, EF HG, IK MIL, be 
portions of this white light ſeparated 
from each other, as they muſt be during 
their paſſage by the intervening parts or 
particles of the medium. Of this beam 
any portion, as E F N G, is equally at- 
tracted on all ſides by the parts and par- 
ticles of the medium on every ſide ſur- 
rounding it. For if not, it would deviate 
from its rectilinear direction towards that 
ſide where the greater attractions exiſt, 
If now the edge or angle X of any thin 
body approach E F H G, ſo as to attract 
it towards itſelf, EF H G is bent towards 

KX, and ſeparated inte different portions 
of yariouſly-coloured lights, bent at dif- 
ferent angles of deviation from the original 
direction of EF HG. FeB8H, FH. 
Pais BT FCH, 
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FeZH, repreſent three of the portions of 
coloured lights ſo formed. F HH, be- 
ing the purple or neareſt colour, Fe H, 
the red or moſt remote, and F y H the 
intermediate blue, green, or yellow. 


The changes thus produced in theſe 
different portions of coloured light, are 
various, being produced by the various 
actions and re- actions of the attracting 
edge, the particles of the medium, and 


the different portions of the divided light, 


upon and among each other. For let the 


different portions of divided light F GH, 


F ys H, FFH, be ſuppoſed, all things 
continuing the ſame, to be returned 
backwards in the ſame courſe through 
which they at firſt paſſed onwards, / and 
it is plain that they ought to be, and will, 
arriving at the ſame time, at the fame 
place of original ſeparation, be again 


bent and united into the original portion 


of white -light E FHG. To effect this, 
the edge X muſt act variouſly upon each 
of them. The re- action of all upon X is 
reciprocal, and therefore muſt be various, 

33S , and 


(119) 


and mu 10 different in each, and Rom | 


that of the whole aggregate or original 
portion - EFHG, and therefore various 
changes mult have been produced in each 
of theſe divided portions of light which 
conſtitute them different lights, as well 
from each other as from the original 


| . 


T heſe different changes, or tlie conſti- 
tutions or modifications of theſe different 
portions of ſeparated light muſt alſo be 
permanent, and muſt continue in them 
through all their future progreſs; for if 
not, they would not, as they always muſt, 
poſſeſs them when returned back without 
any change of circumſtances to La 
e point of ſeparation. 


ſet ad are theſe changes or modifi- 
cations various and permanent, but each 
of theſe ſeparated portions of coloured 


light is, throughout all its ſubſequent 


paſlage, amidſt the particles of the ſame 
medium, equally attracted by, and at- 


— acting, and acted upon by the 


I | parts 


ö 


1 

= 
= . 
1 

[ 


2 
+ — _- * 


a — — 


_ 
2 yr 


— 


[14] 
parts and particles of the ſurrounding 
medium. For this is neceſſary to its con- 


tinued ſtate of rectilinear propagation. 


It is indifferent therefore as to all its 
future actions and re- actions upon and 
between X, on which ſide X approaches, 


provided all other circumſtances of the 


approach be the ſame, and whether it 


is approached and acted upon by X, 


or by any other ey capable of acting 


| upon . 


— 


Each of the other portions of light, 


AB DC, IKM, is affected and changed 
in the ſame manner as the portion EFH G, 


and theſe taken altogether, are the por- 


tions of white light, which being vari- 


ouſly bent, ſepatated, and changed into 
the various portions of differently coloured 
lights, form all the fringes and intervals | 


| of the un Obſervations. | 


It is plain therefore from the circum- 
ſtances of this, and of all the foregoing 
Obſervations, that the phænomena of the. 
en of Light are the conſequences 
N 8 of 


* 
of the various bendings; ſeparations, and 
changes produced in each of the ſeparate 
portions of a beam of white light paſsing 
between the parts and particles of à tran- 
ſparent medium; by the action or attrac= 
tion of the edge, angle, or ſide of an ap- 
pProaching body; each of theſe portions be- 
ing variouſly bent and ſeparated into other 
portions of differently- coloured lights, each 
of which being changed from and receiv- 
ing a conſtitution or modification dif- 
ferent from that of all the others, and 
from that of the original portion out of 
which it was derived, retains that conſti- 
tution or modification permanently, until 
it be again re- united into the ſame, or 
a ſimilar portion of white light, among 
the properties of which conſtitution or 
modification it is one; that paſsing at the 
ſame diſtance with rays of other colours 
from and by the edge of an inflecting 
body, it is conſtantly bent at angles of 
deviation different from thoſe of all 
other colours; the purples moſt; the blues 
leſs than the purples; the yellows, greens, 
and reds, ſucceſsively leſs and. leſs, ac, 
T0 cords 


pa} 
cording to the order of n eme 


tion. I 


jp a ſtate and condition, and ſuch 
changes of light, are abſolutely neceilary 
ior the exiſtence and regular formation, 
under different circumſtances, of the 
fringes; they are conformable to the 
general nature and principles of things, 
and being required, are eſtabliſhed by the 
phænomena, and * eſtabliſned 10 
explain them. 


ills een of white light is compoſed 
of rays of different ſorts, originally and 

always diſtinct, and of various colours, 
which are only ſeparated from one ano- 

ther; is an hypotheſis inconſiſtent with all 
the phznomena of inflections. 


der the very circumſtance of the 
diſtribution of White light into colours, 
which admit of degrees and not of divi- 
fions, and the difficulty of conceiving 
in what manner, whether of particular 
arran gement, or n. mixture, 

2 1 "OP 


they muſt be re-united to form white, 


without conceiving or ſuſpecting that 
differences. might, and it would ſeem, 
ought to ariſe. of colours from various 
orders or modes of combination, would 
lead us to inter, the action of @ principle, 
which changes and modifies at the | ſame 
time that it ſeparates every portion of the 
white light, and requires an actual reſtora+ 
tion of all things to the ſame original, or 
exactly ſimilar circumſtances of condation 
for its nee. 


| Let ABE x, in Fig. 2 be A* beam of 
white light compoſed of the various 
| coloured rays ABDC, EFHG, IKMI, 
NOQP, RSUT, VWZY, paſsing be- 
tween the parts and particles of a tran- 
ſparent medium, and let the rays ABDC, 

EFHG, IKML, be purple, yellow, 
and red, according to the order of their 
| nomination ; ; and alſe NOQP, R SU T, 
VWZY, purple, yellow, and red, and 


let the edge or angle of a body at act 


upon them variouſly, and inflect them in 
manner and according to the principles 


e 

eſtabliſned by the foregoing Obſervations. 
They will, under theſe eircumſtances, 
form one of the coloured fringes of theſe 
Obſervations. But it is only under the 
particular circumſtances of this poſition of 
the body; and this arrangement of the 
rays that they will form ſuch fringes. If 
X be conceived to be between D, and F, 
the internal purple of the firſt fringe will 
be taken away, and the yellow appear in 
its ſtead. Nor can its place be ſupplied 
by the next neareſt purple NO QP, with- 
out ſuppoſing that purple to be more bent 
in order thereto, though more remote 
than the nearer purple which has been 
excluded. If the body be removed al- 
together to the oppoſite ſide, the arrange- 
ment of the rays will be altogether dif- 
ferent from that which is required. If 
the body be moved in circuit round the 
central point between M and O, at every 
point of its progreſs, a new and an ap- 
propriate arrangement of the rays will be 
required. Thus at one and the. ſame 
time, in the ſame place, the ſame and a 
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different order and condition of things is 
W which is ee 


* A 
. 


If the rays. Se! fupoloS to * con- 
fuſedly mixed in the white light, no 
regular formation of the fringes can be 
expected to be produced from amidſt ſuch 

diſorder; nor will theſe difficulties be 
removed by conceiving every beam of 
white light to be again diviſible into 
ſmaller portions or beams of white light 
compoſed of all the various colours, ſince 
even in theſe again, a peculiar arrange- 
ment 1s required, which yet ſhall, as 
different occaſions demand, differ from 
itſelf, - and without a given appropriate 
arrangement, there can be no regular 
formation, according to the before eſta- 
bliſhed principles of at of the 


TO 


The FRE require th: at | cate ſets 
of the different coloured rays ſhould iſſue 
at the ſame time from each interſtice or 
point of paſſage of. the medium, each of 
oof 1 rays ſhould be equally related as 
1 44 | | to 
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of each ray from every other, and from 
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to diſtance. from the. inflecting body on 
one ſide, and the partioles of the medium 
on the other, at the time of diſtribution 
or ſeparation, and-; equally related each 
afterwards as to diſtance and attraction 
to all the particles of the medium on. all 


again, and of being united at the fame 


time in the fame place, under the ſame re- 
lations, | circumſtances altogether incon- 
ſiſtent with the nature of, and impoſsible 
with originally and perpetually es, 
Ngo? nd. ente ys. | T 


The avittions of light which paſs ee 
the intervals between the particles of 


bodies, are truly and en the ve of 
light. 


Thus it is firmly eſtabliſhed, that in the 
inflections of light, each white ray of 
paſsing light is ſeparated mta many diſ- 


tinct rays; that of theſe rays, at the time 


of ſeparation, each ſuſtains a change: 
that this change conſtitutes a difference 


— | 


ee ee 
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the original white ray; that this change 
or modification is permanent in each ray 


throughout all its future courſe of ſeparate 
propagation; that this change or modiſi- 
cation in each diſtinct, ray, operates dur- 
ing all the future propagation of the ray, 


its different and appropriate effects; that 
this change or modification produces in 
each ray, under the ſame circumſtances, 
unequal, and under different circum- 
ſtances, _ TO of W ay 


courſe. 


All this will. further more clearly ap- 
pear when the true nature of light itſelf 
is underſtood, and the principles of pro- 
duction of theſe changes explained. Upon 


| theſe changes, their effects and conſe- 


quences, depend the e and * 
duction of colours. 


Altho 4 1 no | oclliteral ar- 
rangement of ſeparate rays will apply to 
theſe phenomena, yet indeed if all the 
different ſorts of rays be ſuppoſed to fol- 
low each other through the ſame paſ- 

ſages 


a ts eats 2 8H] ; ON 
PPP . · * m-! 3 eo Le . ve 


1 

Tages in rapid ſucceſsion, at intervals of 
time not diſtinguiſhable by ſenſe, then, 
as wherever there are ſeparations, there 
are alſo modifications; and as permanent 
modifications, after ſeparation, actually 
conſtitute afterwards: different, and dif- 
ferently coloured rays, the doctrines of 

ſimple ſeparation, or of ſeparation and 
permanent modification, will equally ap- 
Ply to all caſes of colours; and whatever 
one will explain, the other will alſo. 
Thus matched, the eſtabliſhment of either 
muſt be determined by other PREGImena, 


and 4 . e ee LW alt 


But the doctrine of ein diſtin cneſe 
of exiſtence and ſubſequent ſimple ſepara- 
tion of the rays, is inconſiſtent with all 
the general phænomena of light and of 
nature. It is impoſsible by it to under- 
ſtand or explain theſe, or the relations 
that exiſt between theſe. The Newtonian | 
doctrine, therefore, explains not the ge- 
neral phænomena of light, but only en- 
- quires if light be not emitted, reflected, 
refracted, inflected, and, it might have 

as. : been 


been added, coloured by one and the ſame 
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principle. But the doctrine of modifica- 
tion, equally applicable to the phæno- 


mena of colour, is conſiſtent with, and 


* 


eſtabliſned by the general conſent of _ 


the phænomena. 


The Newtonian doctrine of light and 
colours depends upon two principles; the 
fits of eaſy tranſmiſsion and reflection, and 
the original differences or ſorts of the 
rays. By thoſe the phænomena of rings 
of colours, by both, the reflections, re- 
fractions, and colours, produced by thick 
RO bodies, have been explained. 


The fits of eaſy tranſmiſcion and reflec- 


tion are only particular caſes of jnflec- 


tions, 


The deviations of courſe, and ſepara- 
tions into colours of the rays in the re- 
fractions of light, at the ſurfaces of in- 
cidence of thick tranſparent bodies, are 


mere circumſtances of inflection. | 


The 


[ 324 ] 


The diviſion of the incident beams of 
light in theſe caſes, into two beams, one 
of which is reflected, and the other re- 
fracted, depends upon principles of which 
the p eee of the ** ms 


no idea. 


Newton concludes his Obſervations con- 
cerning the Inflections of Light with 
the following words: 


Mica: I made the foregoing. Bikes 
| tions, I deſigned to repeat moſt of 
them with more care and exactneſs, 
and to make ſome new ones for de- 
termining the manner how the rays of 
light are bent in their ' paſſage by 
bodies, for making the fringes of co- 
lours with the dark lines between 
them. But I was then interrupted, 
and cannot now thing of taking theſe 
things into farther confideration. And 
"gh 1 have not finiſhed this part of 
my deſign, I ſhall coneude with pro- 
'* poſing only ſome Queries in order to a 


＋ 11 1 * 


farther ſearch to be made ve others. 
14 | With 


(194 } 
With what conſequences this farther 
ſearch has been made, the Obſervations 
which accompany theſe ſhew; and they 


ſupply alſo anſwers to Ute three firſt 
n rl Newton. 


1 Vave corrected all the Newtonian ob- 
: fernations concerning the Inflections of 
light: | are? 


- of ba made Obſervations concerning 
the Inflections of Light, which hitherto 
had eſcaped: the attention of all who have 
conſidered theſe phenomena : 


I have explained the manner in which 


the rays of light are bent and n 


WM produce theſe WEEN 


I have ſhewn that the doctrine v mo 
fication and ſeparation in all cafes ſuffi- 
cient, is equally applicable with that of 
fimple ſeparation of the rays of light to 
the phenomena of colours in that ſingle 
| Caſe of Gee of the ſuppoſedly 

: A | __ — :, diſtin 
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diſtinct rays which alone can conſiſt with 


the appearances : 


And thus I have prepared the way for 


a more eaſy and natural ſolution of the 
phenomena of light, than by the hypo- 


theſes of fits and ſpectes of the rays. Theſe 
hypotheſes, if I err not, are inconſiſtent 


with the actual condition of things, and 


the general phænomena of light and of na- 
ture. They have not been, for they cannot 
be, applied to explain them; they ob- 
ſtruct all diſcovery concerning them; 
they interrupt the general progreſs. of 
philoſophy. 


I ought now, in a due courſe of pro- 
greſs, to proceed to the ſecond, and after- 
wards to the firſt books of theſe Optics, 
the neceſſary amendments of which are 
even more numerous and more important 
than theſe of this third book. This I 
propoſe to do, and the work is in a 
conſiderable ſtate of. advancement. But 
the completion muſt be deferred, and 


nay never be effected. For this reaſon 


alone 


The reformation of theſe parts of tlie 
Newtonian philoſophy, which for more 
than a century have ſtood unqueſtioned, 


and been ſo long conſidered as eſtabliſhed 


beyond all reach or power of queſtion, is 
of infinite importance and incalculable 
value to general philoſophy. The phæ- 
nomena of light, connected obviouſly with 
thoſe of heat and of electricity, which 
have ſo much engaged the attention and 
inveſtigation of the preſent day, are 
really connected with all the phæno- 
mena of the univerſe. Without this re- 
formation, it is abſolutely impoſsible for 
philoſophy to make further progreſs. 


The reformation of this, and of other 
ſyſtems in other departments of philo- 
ſophy, forms, however, only an incon- 
fiderable and ſecondary part of what may 
be done. The moſt extenſive” and im- 

91 . portant 
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portant diſcoveries muſt precede awd Jes 
on to theſe conſequences. 


I ought, from the reformation of the 
| Newtonian doctrine of light and colours 


contained in theſe three books of his | 


Optics, to go on afterwards to explain the 
manner in which of light the exhibition, 


emiſsion, propagation, extinction, inflec- 
tion, reflection, refraction, ' colorification, | 


and all the phenomena are truly and 
actually effected; for indeed I conceive 


that I have diſcovered the principles of 


exiſtence of all the phænomena of light; 


and not of light alone, but alſo of heat 
and of electricity, - and the relations which 


exiſt between theſe. 


Theſe diſcoveries cannot exiſt without 
a conſiderable number of others connected 
with, and dependant upon theſe 3 and 
are followed by an immenſe train of con- 


ſequences and deductions. From them 


the moſt wonderful diſcoveries ſeem to 


_ Wann the conſtitution of the 


univerſe, 
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univerſe, and the connections of its 
parts, the connections of the particles 
of bodies; and of the bodies themſelves. 
By them we ſeem to be led to judge of 
all thoſe appearances which the air, the 
__ earth, the heavens exhibit, to know of 

the conditions of bodies, their fixity, flui- 
dity, elaſticity; to diſcover and diſtin- 
guiſh the operations of heat, light, and 
the general agents of nature, from thoſe 
of the bodies with which they are blended 
in mixture and in action, to underſtand 
the effects of attrition, collifion, combina- 
tion, and all thoſe. natural phanomena 
about which the preſent philoſophy en- 
quires and doubts, and has hitherto phoned 
enquired and doubted, 


By light alone can we have acceſs to 
the groſſer bodies of nature around us, 
whoſe arrangements and motions Pytha- 
goras and Copernicus obſerved, and Newton 
_ demonſtrated. By light and heat alone 
can we have acceſs to the interior parts 
of natural bodies, preſerving their union 
ſo as to judge of their formation; or, ſepa- 
Ko rating 


0 


rating them, to determine the parts of 
which they are compoſed. When of 
light upon the organs of ſenſe, the actions 
hitherto attributed to impulſe, which 
exiſts not, ſhall be underſtood, informa- 
tion may be hoped for reſpecting the 
principles, whether of ſtructure of parts, 
or combination of ſubſtance, or both, 
upon which animal ſenſations and mo- 
tions depend. „„ 


The phenomena of light, heat, elec- 
tricity, magnetiſm, and gravitation, have 
always been, as they only can be, re- 
ferred to modifications of the particles of 
bodies, or to exiſtences, for which the 
only place in nature is in the pores of, 
and between the bodies themſelves. Thus 
connected by ſimilarity of cauſe or ſame- 
neſs of place, the knowledge of the prin- 
ciples of exiſtence of any one ſet of 
theſe, neceſſarily, almoſt, involves the 
knowledge of. others. The actual diſ- 
covery therefore of the cauſes and rela- 
tions of the phænomena of light, heat, 
and electricity, leads immediately to 

thoſe 


61 
thoſe of magnetiſm, not however to be 
divined and deduced by argument, but 
to be diſcovered and eſtabliſned by experi- 


ment. 


In the phænomena of gravitation, whilſt 
the tangential motion of a planet can 
only be referred to the paſt. unknown 
hiſtory of the motions of the univerle for 
its exiſtence, the centripetal motion is 
produced by cauſes actually preſent. 
Whilſt we contemplate the. body, it re- 
ceives a motion which it had not before, 
and by which it is diverted from-its rec- 
tilinear courſe. Of the motion thus im- 
parted, it is the buſineſs of philoſophy to 
find out the cauſe. A knowledge of the 
direction or point to which any of theſe 
motions tend, may aſsiſt to guide us to, 
but their cauſe can only depend upon the 
condition of things around. To a know- 
ledge of this condition, theſe diſcoveries 
promiſe to lead. | 


The condition of things thus eſtablithed | 


by the beſt evidence, can along furniſh 
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the means of explanation of all the cir- 


cumſtances of exiſtence, change, and ap- 
pearance of this earth whoſe ſurface we 


inhabit, of the ſecondary that attends us, 


of the opaque planets and reſplendent 


comets, of the ſun, to whom our mo- 
tions are referred, and of thoſe other 


everlaſting fires which ſhine around us;— 


a condition, how different from that, 
which, to the contemplative eye, repre- 
ſents only in the void immenſe, globe to 
move round globe, or remaining, detached 
each from the others at immeaſurable 
diſtances in boundleſs ſpace, without con- 
nectron, relation, or dependance. | 


Many years have paſſed away ſince the 
diſcoveries, thus important in themſelves, 
and in their conſequences, have been ac- 
compliſhed. Buſied in the cares of life, 
of profeſsional occupation and domeſtic 
eſtabliſhment, little of what is neceſſary 
has been done either to preſerve or tranſ- 
mit them to other perſons and times. I 
could not reſtrain the march of my mind 
in inveſtigation, but for the leſs ardent 

| work 


ED» 


work of literary compoſition the occaſions 


were not granted; and of all that may 
have been done, few and inconſiderable 


are the written ſtatements. Their exiſt- 


ence, therefore, depends upon mine, and 
with me they may periſh. They lie 
upon my mind as would the diſcoveries 


of paſt ages, if at this moment all the 


books ſhould diſappear, in which they 
are contained, and they require, as 


would thoſe, much labour, conſiderable 


time, and diſengaged attention to give 
them the completion of matter, arrange- 
ment and form neceſſary to their perfect 
preſervation. 


All that I can, I will endeavour to 
effect. —But I muſt return to thoſe cares, 
to labours which afford but little of va- 
cancy for other purſuits. I muſt per- 
form, as becomes me, the duties which 
are mine of natural relation, and which 
are paramount to all others. I fear, 
I regret, not for myſelf alone, that 
little can be that all which may be ex- 
pected under ſuch circumſtances. I 


I | may, 
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may, however, only regret a ſtate of 
things which I can neither controul noþþ 


change. | 


I ſpeak with diffidence of all theſe 
things. Againſt ſelf-deception, after the 
examples exhibited in theſe Obſervations, 
who can be ſecure? Upon the faith, 
however, of theſe ſame Obſervations, 
ſome expectation may be formed, and 


ſome credit claimed. 


London, May 1, 5 a 
1799. | G5 V — J. 
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